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ABSTRACT
The purpose  o f  t h i s  work was t o  d e t e r m i n e  th e  f e a s i b i l i t y  
o f  s e p a r a t i n g  m i x t u r e s  o f  l a n t h a n i d e s  and r e l a t e d  e l e m e n t s  by 
t h e  f r a c t i o n a l  s u b l i m a t i o n  of  t h e  m e t a l  (3- d i k e t o n e  c h e l a t e s .
V a r io u s  p - d i k e t o n e  c h e l a t e s  o f  most  of  t h e  e l e m e n t s  
o f  group I I I B  were p r e p a r e d  and c h a r a c t e r i z e d ,  many f o r  t h e  f i r s t  
t i m e .  The m e t a l s  s t u d i e d  were scandium, y t t r i u m ,  t h o r i u m ,  u ran ium  
and t h e  l a n t h a n i d e s .  The p r e p a r a t i o n  and p r o p e r t i e s  o f  t h e  c h e l a t e s  
o f  t h e s e  m e t a l s  w i t h  a c e t y l a c e t o n e , t r i f l u o r o a c e t y l a c e t o n e , 
h e x a f l u o r o a c e t y l a c e t o n e  and d i p i v a l o y l m e t h a n e  a r e  d e s c r i b e d  and 
t a b u l a t e d  i n  d e t a i l .
Among t h e  more i m p o r t a n t  p h y s i c o - c h e m i c a l  p r o p e r t i e s  
d e t e r m i n e d  f o r  ea ch  of  t h e  p r e p a r e d  c h e l a t e s  were t h e  v o l a t i l i t y  
and t h e r m a l  s t a b i l i t y .  The t h e r m a l  s t a b i l i t y  o f  t h e  v a r i o u s  
c h e l a t e s  was de te r m in e d  by t h e r m o g r a v i m e t r i c  a n a l y s i s  and by 
t h e  o b s e rv a n c e  o f  d e c o m p o s i t i o n  d u r i n g  a t t e m p t e d  s u b l i m a t i o n s .
The v o l a t i l i t y  o f  t h e  d i f f e r e n t  c h e l a t e s  was d e t e r m i n e d  by 
f r a c t i o n a l  s u b l i m a t i o n  i n  a c o n t i n u o u s  t e m p e r a t u r e  g r a d i e n t  
vacuum s u b l i m a t o r ,  a t  1 . 0  mm m ercury  p r e s s u r e ,  u s i n g  d r y  
deoxygena ted  n i t r o g e n  a s  a c a r r i e r  g a s .  C h e l a t e  v o l a t i l i t y  
was c h a r a c t e r i z e d  by t h e  t e m p e r a t u r e  r a n g e s  w i t h i n  which  t h e  
c h e l a t e s  were o bse rve d  t o  r e c r y s t a l l i z e  i n  t h e  s u b l i m a t o r .
The l a n t h a n i d e  and y t t r i u m  a c e t y l a c e t o n a t e s  a r e
n o t  v o l a t i l e .  They were o b t a i n e d  o n ly  as  t r i - h y d r a t e d  c h e l a t e s  
wh ich  a p p a r e n t l y  p o s s e s s  such  a h i g h  d e g re e  o f  p o l a r i t y  t h a t  t h e y  
a r e  n o t  v o l a t i l e .  A l l  a t t e m p t s  t o  p r e p a r e  t h e  anhydrous  d e r i v a t i v e s  
were f u t i l e  and r e s u l t e d  i n  the  f o r m a t i o n  of  b a s i c  compounds and 
p o ly m e r s .  On t h e  o t h e r  hand ,  t h e  a c e t y l a c e t o n a t e s  o f  scandium , 
t h o r i u m  and u ran ium  (IV) and (VI) a r e  q u i t e  v o l a t i l e .  S u f f i c i e n t  
d i f f e r e n c e s  e x i s t  i n  t h e i r  v o l a t i l i t y  t h a t  scandium  can be s u c c e s s f u l l y  
s e p a r a t e d  from t h o r i u m  a n d / o r  u ran ium .  S e p a r a t i o n s  of  scandium, 
t h o r i u m  and u ran ium  from th e  l a n t h a n i d e s ,  based  on d i f f e r e n c e s  
i n  t h e r m a l  s t a b i l i t i e s  and v o l a t i l i t i e s  among t h e  g r o u p s ,  a r e  
p roposed  a l s o .
The l i g h t e r  l a n t h a n i d e  t r i f l u o r o a c e t y l a c e t o n a t e s  e x h i b i t  
some v o l a t i l i t y ,  a l t h o u g h  t h e  d e g re e  of  v o l a t i l i t y  i s  q u i t e  s m a l l .  
N o rm a l ly ,  e v e r y  f r a c t i o n a l  s u b l i m a t i o n  l e f t  an abunda n t  r e s i d u e  
wh ich  a p p e a r e d  to  be b a d l y  decomposed c h e l a t e .  The h e a v i e r  l a n t h a n i d e  
and y t t r i u m  c h e l a t e s  a r e  n o t  v o l a t i l e .  The scandium and uran ium 
t r i f l u o r o a c e t y l a c e t o n a t e s  e x h i b i t  a v e r y  l i m i t e d  v o l a t i l i t y .  The 
co r r e s p o n d in g  t h o r i u m  c h e l a t e  i s  c o m p l e t e l y  v o l a t i l e .  Some s e p a r a t i o n s  
among t h e  group of  e l e m e n t s  i n  q u e s t i o n  a r e  p roposed  which  depend 
upon d i f f e r e n c e s  i n  t h e r m a l  s t a b i l i t y  o b s e rv e d  among t h e  v a r i o u s  
t r i f l u o r o a c e t y l a c e t o n a t e s .
The h e x a f l u o r o a c e t y l a c e t o n a t e s  of  t h e  group I I I B  e le m e n t s  
e x h i b i t  a good t h e r m a l  s t a b i l i t y  and r e m a rk a b l e  v o l a t i l i t y .  A l though  
most  o f  t h e  h e x a f l u o r o a c e t y l a c e t o n a t e s  s t u d i e d  a r e  h i g h l y  v o l a t i l e ,  
t h e y  sub l im e  i n  r o u g h l y  t h e  same t e m p e r a t u r e  r a n g e s .  C o n s e q u e n t ly ,
x
o n l y  a few s e p a r a t i o n s  by vacuum f r a c t i o n a l  s u b l i m a t i o n  were p o s s i b l e .
A l l  o f  t h e  d i p i v a l o y l m e t h a n a t e s  s t u d i e d  a r e  c o m p l e t e l y  
v o l a t i l e  and t h e r m a l l y  s t a b l e .  A p p r e c i a b l e  d i f f e r e n c e s  i n  
s u b l i m a t i o n  r e c r y s t a l l i z a t i o n  t e m p e r a t u r e s  were o b se rve d  and 
numerous s e p a r a t i o n s  a r e  p r o p o s e d .
S e v e r a l  f r a c t i o n a l  s u b l i m a t i o n  s e p a r a t i o n s  o f  a r t i f i c i a l  
b i n a r y  m i x t u r e s  of  group  I I I B  e l e m e n t s  were s u c c e s s f u l l y  p e r fo rm e d .
The m i x t u r e s  s e p a r a t e d  w ere :
Thul ium and neodymium d i p i v a l o y l m e t h a n a t e s  
Scandium and praseodymium d i p i v a l o y l m e t h a n a t e s  
Lanthanum and y t e r b i u m  d i p i v a l o y l m e t h a n a t e s  
Thor ium and g a d o l i n iu m  t r i f l u o r o a c e t y l a c e t o n a t e s  
Thor ium and l an thanum  h e x a f l u o r o a c e t y l a c e t o n a t e s
In  e v e r y  c a se  bu t  one ( l a n t h a n u m - y t e r b i u m  d i p i v a l o y l ­
m e t h a n a t e s ) ,  two p e r f e c t l y  w e l l  d e f i n e d  and s e p a r a t e d  zones  were 
o b s e r v e d .
The t e m p e r a t u r e s  of  t h e  s u b l i m a t i o n  r e c r y s t a l l i z a t i o n  
zone and t h e  s u b l i m a t e  c r y s t a l  s i z e  were s t u d i e d  a s  a f u n c t i o n  
o f  such e x p e r i m e n t a l  p a r a m e t e r s  as  m agn i tude  o f  t e m p e r a t u r e  
g r a d i e n t  and s u b l i m a t i o n  t im e .
C o r r e l a t i o n  o f  v o l a t i l i t y  d a t a  w i t h  m o l e c u l a r  w e i g h t  
and r e l a t i v e  s i z e  of  the  c h e l a t e s  i n d i c a t e s  t h a t  m o l e c u l a r  s i z e  
i s  more i n f l u e n c i a l  i n  d e t e r m i n i n g  v o l a t i l i t y  t h a n  i s  m o l e c u l a r  
w e i g h t .
On th e  b a s i s  o f  t h e  r e s u l t s  o b t a i n e d ,  some a p p l i c a t i o n s
x i
and f u t u r e  s t u d i e s  a r e  p r o p o s e d .  Among them a r e  t h e  f o l l o w i n g :
a)  Study  t h e  e f f e c t  o f  c e r t a i n  m o d i f i c a t i o n s  of  the  
s u b l i m a t i o n  a p p a r a t u s  on s e p a r a t i o n  e f f i c i e n c y .
b) A t tem p t  t h e  s e p a r a t i o n  o f  i n o r g a n i c  s a l t s ,  such  
a s  t h e  b rom ides  and c h l o r i d e s  of  ha fn ium  and z i r c o n i u m  by f r a c t i o n a l  
s u b l i m a t i o n .
c) Deve lop t h e  t e c h n i q u e  f u r t h e r  a s  an a n a l y t i c a l  
t o o l ,  b o t h  f o r  q u a l i t a t i v e  and q u a n t i t a t i v e  p u r p o s e s  w i t h  o r g a n i c  
and i n o r g a n i c  m a t e r i a l s .
INTRODUCTION
The c h e m i s t r y  of  t h e  g roup  I I I B  e l e m e n t s ,  i n c l u d i n g  the  
f i r s t  and second i n n e r  t r a n s i t i o n  s e r i e s ,  i s  indeed  e x t r e m e l y  
i n t e r e s t i n g ,  p a r t i c u l a r l y  t h e  f i r s t  i n n e r  t r a n s i t i o n  s e r i e s ,  
commonly c a l l e d  t h e  r a r e  e a r t h  o r  l a n t h a n i d e  s e r i e s ,  which b e g i n s  
w i t h  e l e m en t  5 7 , l an thanum,  and c o n t i n u e s  t h r o u g h  l u t e t i u m ,  e le m en t  
71.
These f i f t e e n  e le m e n t s  and t h e i r  chem ica l  d e r i v a t i v e s
have such  s i m i l a r  chemica l  p r o p e r t i e s  t h a t  s e p a r a t i o n s  of  them
*
from ea ch  o t h e r  a r e  e x t r e m e l y  d i f f i c u l t .  They a r e  so d i f f i c u l t  
i n  f a c t ,  t h a t  more t h a n  100 y e a r s  o f  l a b o r i o u s  work was r e q u i r e d  
t o  f i r s t  s e p a r a t e  and i d e n t i f y  t h e  i n d i v i d u a l  l a n t h a n i d e  e l e m e n t s .
The s i m i l a r i t i e s  among th e  compounds of  t h e  f o u r t e e n  n o r m a l ly  
a v a i l a b l e  e l e m e n t s  (prometh ium i s  no t  n o r m a l ly  a v a i l a b l e  due to  
i t s  w e l l  known s p o n ta n e o u s  r a d i o a c t i v e  decay)  a r e  so s t r i k i n g ,  t h a t  
a l l  t h e  d i f f e r e n t  t e c h n i q u e s  used f o r  t h e i r  s e p a r a t i o n ,  namely,  
c r y s t a l l i z a t i o n ,  p r e c i p i t a t i o n ,  s o l v e n t  e x t r a c t i o n ,  ga s  ch rom a tog raphy ,  
e t c . , have t o  be f r a c t i o n a l  i n  c h a r a c t e r .
The g r e a t  s i m i l a r i t y  o f  t h e  c he m ic a l  p r o p e r t i e s  o f  t h e  
l a n t h a n i d e s  i s  a consequence  o f  t h e  s i m i l a r i t y  o f  t h e i r  e l e c t r o n i c  
c o n f i g u r a t i o n s .  The c o n f i g u r a t i o n  of  t h e  4 f  e l e c t r o n s  i s  what 
p a r t i a l l y  a c c o u n t s  f o r  t h e  s l i g h t  d i f f e r e n c e  be tw een  one e le m en t  
and a n o t h e r  i n  t h e  g roup .  These 4 f  e l e c t r o n s  a r e  so s h i e l d e d  by 
i n t e r v e n i n g  e l e c t r o n  s h e l l s  a s  t o  be a lm o s t  u n a v a i l a b l e  f o r  c hem ica l
i n t e r a c t i o n .  T h i s  f a c t  r e s u l t s  i n  t h e  fun d am e n ta l  s i m i l a r i t y  o f  
t h e  o u t e r  e l e c t r o n  c o n f i g u r a t i o n  found among the  l a n t h a n i d e s ,  
s candium , y t t r i u m  and th e  a c t i n i d e s .  T h i s  s i m i l a r i t y  of  o u t e r  
e l e c t r o n  c o n f i g u r a t i o n  a c c o u n t s  f o r  t h e  g r e a t  c h e m ica l  s i m i l a r i t y  
of  t h e  group and a l s o  i s  t h e  r e a s o n  why a l l  o f  them a r e  c l a s s i f i e r  
t o g e t h e r  i n  t h e  same p e r i o d i c  f a m i l y .
I n  t h e  case  of  t h e  a c t i n i d e s ,  i t  i s  b a s i c a l l y  the  e l e c t r o n i c  
c o n f i g u r a t i o n  o f  t h e  5 f  e l e c t r e n s  which  a c c o u n t s  f o r  t h e  d i f f e r e n c e s  
o bse rve d  among t h e  s e v e r a l  e l e m e n t s  which  form t h i s  g roup .
One o f  t h e  most  c h a r a c t e r i s t i c  and i n t e r e s t i n g  p r o p e r t i e s  
o f  t h e  l a n t h a n i d e  s e r i e s  i s  t h e  so c a l l e d  " l a n t h a n i d e  c o n t r a c t i o n " .
I t  c o n s i s t s  o f  a s t e a d y  d e c r e a s e  i n  t h e  s i z e  o f  t h e  atoms and i o n s  
w i t h  i n c r e a s i n g  a to m ic  number and i s  e x p l a i n e d  by t h e  poor  
s h i e l d i n g  p r o p e r t i e s  of  t h e  4 f  e l e c t r o n s .  I n t e r e s t i n g  consequences  
o f  t h e  " l a n t h a n i d e  c o n t r a c t i o n "  on t h e  p r o p e r t i e s  of  t h e  e l e m e n t s  
o f  t h e  l a n t h a n i d e  s e r i e s ,  a s  w e l l  a s  on the  p r o p e r t i e s  o f  o t h e r  
e l e m e n t s  such  a s  z i r c o n i u m  and ha fn ium  w hich  be lo n g  t o  group IVB, 
r e s u l t  f rom t h i s  4 f  s h i e l d i n g .  A n o th e r  consequence  o f  t h i s  
" l a n t h a n i d e  c o n t r a c t i o n "  i s  t h a t  t h e  c r y s t a l  r a d i u s  o f  t h e  Y+ ^ 
i o n  i s  a p p r o x i m a t e l y  t h e  same as  t h a t  of  t h e  l a n t h a n i d e s  i n  t h e  
Ho-Er r e g i o n .  T h i s  s i m i l a r i t y  i n  s i z e  and i o n i c  cha rge  as  w e l l  
a s  o u t e r  e l e c t r o n i c  c o n f i g u r a t i o n  a c c o u n t s  f o r  the  r e s e m b la n c e  o f  
t h e  c he m ica l  p r o p e r t i e s  o f  Y+^ t o  some o f  the  l a n t h a n i d e s .  T h i s  
s i m i l a r i t y  a l s o  w i l l  e x p l a i n  why y t t r i u m  i s  f r e q u e n t l y  found in  
t h e  same m i n e r a l s  a s  t h e  l a n t h a n i d e s .
The u s u a l  o x i d a t i o n  s t a t e  o f  the  l a n t h a n i d e s  and o t h e r  
group  I I I B  e le m e n t s  i s  t r i p o s i t i v e .  I t  i s  p o s s i b l e  t o  f i n d  non­
t r i p o s i t i v e  s t a t e s ,  b u t  o n ly  Ce(IV) and E u ( I I )  e x h i b i t  s u f f i c i e n t  
s t a b i l i t y  i n  aqueous  s o l u t i o n s  t o  be of  much i m p o r ta n c e .
Among t h e  l a n t h a n i d e s ,  t h e  " b a s i c i t y " ,  t h a t  i s ,  t h e  
e a s e  w i t h  which  a s p e c i e s  l o s e s  e l e c t r o n s  or  t h e  l a c k  o f  a t t r a c t i o n  
w h ich  a c a t i o n  has  f o r  e l e c t r o n s  o r  a n i o n s ,  s t e a d i l y  d e c r e a s e s  as  
the  a to m ic  number i n c r e a s e s ,  a s  a r e s u l t  of  t h e  l a n t h a n i d e  
c o n t r a c t i o n .
The l a n t h a n i d e s  form few complexes ( 3 ) .  Among t h e  more 
s t a b l e , i m p o r t a n t  complexes a r e  t h o s e  w i t h  c h e l a t e  l i g a n d s  such 
a s  t h e  (3- d i k e t o n e s .
The l a n t h a n i d e  (3-d iketone  c h e l a t e s  which  have been  
s t u d i e d  e x t e n s i v e l y  i n c l u d e  t h o s e  formed w i t h  the  l i g a n d s  
a c e t y l a c e t o n e  (4 ,  5, 6 , 7 ) ,  t r i f l u o r o a c e t y l a c e t o n e  ( 8 ) ,  
h e x a f l u o r o a c e t y l a c e t o n e  (9 ,  1 4 ) ,  d ib e n z o y lm e th a n e  ( 3 ) ,  t h e n o y l -  
t r i f l u o r a c e t o n e  (3)  and d i p i v a l o y l m e t h a n e  ( 1 0 ) .
A l l  t h e s e  p - d i k e t o n e s  e x i s t  i n  k e t o - e n o l  e q u i l i b r i a  which 
can be w r i t t e n  i n  t h e  f o l l o w i n g  way:
The e n o l i c  form has  an a c i d i c  hydrogen  wh ich  i s  r e p l a c e d
4by  a c a t i o n  t o  form c h e l a t e s  a c c o r d i n g  t o  t h e  f o l l o w i n g  chem ica l  
e q u a t i o n :
where Ln a c c o u n t s  f o r  any  l a n t h a n i d e  i o n .
The p - d i k e t o n e  c h e l a t e s  o f  t h e  l a n t h a n i d e s  a r e  c h a r a c t e r i z e d  
by an o c t a h e d r a l  s t r u c t u r e  ( 1 1 ) and a r e  n e u t r a l  complexes ,  i n s o l u b l e  
i n  w a t e r ,  s o l u b l e  i n  o r g a n i c  s o l v e n t s ,  and o f t e n  c h a r a c t e r i s t i c l y  
c o l o r e d .  A l e s s  w e l l  known p r o p e r t y  o f  t h e  l a n t h a n i d e  p - d i k e t o n e  
c h e l a t e s  i s  t h e i r  v o l a t i l i t y .
A l th o u g h  S t a n i f o r t h  ( 8 ) r e p o r t e d  i n  1943 t h a t  some of  
t h e  r a r e  e a r t h  p - d i k e t o n e  c h e l a t e s  a r e  n o n - v o l a t i l e ,  t h e  work i n  
r e c e n t  y e a r s  o f  Truemper  ( 1 2 ) ,  Berg and Truemper ( 1 9 ) ,  Dowling ( 3 9 ) ,  
Berg and Dowling ( 2 0 ) ,  H a r t l a g e  ( 4 0 ) ,  and Berg and H a r t l a g e  (15 ,  21) 
on t h e  v o l a t i l e  c h a r a c t e r  of  v a r i o u s  m e t a l  p - d i k e t o n e  c h e l a t e s  and 
t h e  gas  ch rom a tog raphy  o f  v a r i o u s  m e t a l  p - d i k e t o n e  c h e l a t e s  by 
v a r i o u s  w o r k e r s  (41 ,  42,  43,  44,  45,  46,  47,  1 0 , 18) s u g g e s t e d  
t h a t  t h e r e  s hou ld  be some o b s e r v a b l e  v o l a t i l i t y  o f  t h e  l a n t h a n i d e  
p - d i k e t o n e  c h e l a t e s .  Very r e c e n t l y  S i e v e r s  _et a_l r e p o r t e d  on th e  
gas  c h r o m a to g r a p h ic  s e p a r a t i o n  o f  s e v e r a l  l a n t h a n i d e  d i p i v a l o y l m e t h a n e  
c h e l a t e s ,  t h u s  s u b s t a n t i a t i n g  t h i s  i d e a  ( 1 0 ) .  Work i n  t h i s
l a b o r a t o r y  o v e r  t h e  p a s t  s e v e r a l  y e a r s  had c l e a r l y  d e m o n s t r a t e d  
t h e  v o l a t i l i t y  o f  numerous r a r e  e a r t h  p - d i k e t o n e  c h e l a t e s  p r i o r  
t o  t h e  p u b l i c a t i o n  of  S i e v e r ' s  work.
I n  v iew  of  t h e  s u c c e s s  o f  Berg and coworkers  i n  p r e p a r i n g  
and c h a r a c t e r i z i n g  a l a r g e  number o f  no rmal  and t r a n s i t i o n  e lem en t  
p - d i k e t o n e  c h e l a t e s  and i n  s e p a r a t i n g  v a r i o u s  m i x t u r e s  o f  them by 
f r a c t i o n a l  vacuum s u b l i m a t i o n ,  i t  was d e c id e d  t o  s t u d y  the  v o l a t i l e  
c h a r a c t e r  o f  t h e  l a n t h a n i d e ,  scandium , y t t r i u m ,  t h o r i u m ,  u ran ium  
and z i r c o n i u m , p - d i k e t o n e  c h e l a t e s  and d e t e r m i n e  i f  g roups  o f  t h e s e  
e l e m e n t s  can be s e p a r a t e d  by f r a c t i o n a l  s u b l i m a t i o n .
I n  l i g h t  o f  t h e  r e p o r t s  o f  s e v e r a l  w o r k e r s  (16 ,  17) t h a t  
t h e  r e p l a c e m e n t  o f  hydrogen  atoms w i t h  f l u o r i n e  i n  t h e  l i g a n d  
a c e t y l a c e t o n e  e nha nce s  t h e  s t a b i l i t y  and v o l a t i l i t y  o f  t h e  
r e s u l t i n g  c h e l a t e s ,  i t  was d e c id e d  t o  s t u d y  t h e  c h e l a t e s  o f  t h e  
f o l l o w i n g  l i g a n d s :  a c e t y l a c e t o n e ,  t r i f l u o r o a c e t y l a c e t o n e , 
h e x a f l u o r o a c e t y l a c e t o n e ,  and d i p i v a l o y l m e t h a n e . In  g e n e r a l ,  t h e  
more h i g h l y  f l u o r i n a t e d  t h e  l i g a n d ,  t h e  more s t a b l e  and v o l a t i l e  
t h e  c h e l a t e .  The s t r u c t u r a l  f o r m u la ,  t r i v i a l  name and s y s t e m a t i c  
name o f  e a c h  o f  the  l i g a n d s  s t u d i e d  i s  g i v e n  i n  T a b le  I  a lo n g  w i t h  
t h e  symbol chosen  t o  r e p r e s e n t  t h a t  l i g a n d  t h r o u g h o u t  t h i s  work .
Much work on t h e  a c e t y l a c e t o n a t e s  o f  t h e  g roup  I I I B  
and r e l a t e d  e l e m e n t s  has  been r e p o r t e d  i n  t h e  l i t e r a t u r e  (4 ,  22,  23 
24, 25, 26, 27, 29) b u t  no s y s t e m a t i c  s t u d y  ha s  been  done on the  
d e t e r m i n a t i o n  o f  t h e  p h y s i c o - c h e m i c a l  c h a r a c t e r i s t i c s  o f  t h e  c h e l a t  
e s p e c i a l l y  t h e  v o l a t i l i t y .  F u r t h e r m o r e ,  many d i s c r e p a n c i e s  on such
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B-DIKETONES USED IN THIS STUDY
T r i v i a l  Name and S t r u c t u r a l  
Formula
S y s t e m a t i c  Name Adopted
Symbol
A c e t y l a c e t o n e
CH -C-CH -C-CH 
J 0 * 0
2 , 4 - p e n t a n e d i o n e AA
T r i f l u o r o a c e t y l a c e t o n e  
CF.-C-CH.-C-CH.
3 3 2 o 3
H e x a f l u o r o a c e t y l a c e t o n e
CF.-C-CH -C-CF.3 u 2 h 3o 0 J
1 , 1 , 1 - t r i f l u o r o -
2 . 4 - p e n t a n e d i o n e
1 , 1 , 1 , 5 , 5 , 5 - h e x a f l u o r o
2 . 4 - pe n ta n e d  ione
TFAA
HFAA
D ip i v a l o y lm e th a n e  
CH. CH. I 3
CH. - C -  C - CH0 - C - C - CH 
3 | 2 H i 3
c h 3 0 0 CH.
2 , 2 , 6 , 6 - t e t r a m e t h y l
3 , 5 - h e p t a n e d i o n e DPM
p o i n t s  a s  t h e  number o f  w a t e r  o f  h y d r a t i o n ,  m e l t i n g  p o i n t s ,  v o l a t i l i t i e s ,  
e t c . ,  o f  t h e s e  c h e l a t e s  a r e  found i n  t h e  l i t e r a t u r e .
Some t r i f l u o r o a c e t y l a c e t o n a t e s  ( 8 ) o f  t h e  group o f  e l e m e n t s  
o f  i n t e r e s t  have been  r e p o r t e d ,  bu t  a g a i n ,  no s y s t e m a t i c  c h a r a c t e r i z a t i o n  
of  t h e  c h e l a t e s  has  been  c a r r i e d  o u t .
Da ta  on t h e  h e x a f l u o r o a c e t y l a c e t o n a t e s  ( 9 ,  31) and t h e  
d i p i v a l o y l m e t h a n a t e s  ( 1 0 ) o f  t h e  l a n t h a n i d e s  and r e l a t e d  e l e m e n t s  
a r e  even  more s c a r c e .
The f r a c t i o n a l  vacuum s u b l i m a t i o n  t e c h n i q u e  deve loped  
by Berg,  H a r t l a g e  and Dowling (15 ,  19, 20, 21, 39, 40) was chosen 
f o r  t h e  a t t e m p t e d  s e p a r a t i o n s  i n  t h i s  s t u d y  p r i m a r i l y  b e c a u s e  of  
t h e  e a r l i e r  s u c c e s s e s  a c h i e v e d  w i t h  t h e  a p p a r a t u s  i n  s e p a r a t i n g  v a r i o u s  
m i x t u r e s  o f  m e t a l  p - d i k e t o n e  c h e l a t e s  ( 2 1 ) .  The t e c h n i q u e  o f f e r s  
some i m p o r t a n t  a d v a n t a g e s  ov e r  o t h e r  s e p a r a t i o n  t e c h n i q u e s  i n  
t h a t  t h e  a p p a r a t u s  i s  s im p le  and r e q u i r e s  l i t t l e  s k i l l  or  a t t e n t i o n  
i n  u s e ,  ha s  a good r e s o l v i n g  power,  and s u b l i m a t i o n s  can be e f f e c t e d  
i n  a c o n t r o l l e d  a tm osphe re  u n d e r  c o n s t a n t  o r  v a r i a b l e  t e m p e r a t u r e  
g r a d i e n t s .
The pr ime r e q u i s i t e s  f o r  a s u c c e s s f u l  f r a c t i o n a l  
s u b l i m a t i o n  a r e  t h a t  t h e r e  be m e a s u r e a b l e  and s i g n i f i c a n t  
d i f f e r e n c e s  i n  t h e  v o l a t i l i t i e s  o r  r a t e s  o f  v o l a t i l i z a t i o n  of  
t h e  i n d i v i d u a l  sample components  and t h a t  t h e  sample components  
be t h e r m a l l y  s t a b l e  u n d e r  e x p e r i m e n t a l  c o n d i t i o n s .  U ndoub ted ly ,  
t h e  most  i m p o r t a n t  and d e c i s i v e  c r i t e r i o n  i s  the  d i f f e r e n c e  i n
8v o l a t i l i t y  e x h i b i t e d  by i n d i v i d u a l  sample components .
Those f a c t o r s  which d e t e r m i n e  the  r e l a t i v e  v o l a t i l i t y  
o f  m o l e c u l e s ,  such a s  t h e  m e ta l  p - d i k e t o n e  c h e l a t e s ,  a r e  no t  c l e a r l y  
u n d e r s t o o d ,  b u t  c e r t a i n l y  v o l a t i l i t y  i s  gove rned t o  a v a r i a b l e  d e g re e  
by:
a) t h e  m o l e c u l a r  w e i g h t ;
b) t h e  shape  and s i z e  of  t h e  m o le c u le ;
c) t h e  p r e s e n c e  o r  a b senc e  o f  a p p r e c i a b l e  i o n i c i t y  
o r  d i p o l a r  f o r c e s ;
d) t h e  p r e s e n c e  o r  a b senc e  o f  any k in d  o f  a d d u c t  
f o r m a t i o n  (hyd rogen  bon d in g ,  e t c . ) ;
e) t h e r m a l  d e g r a d a t i o n  a n d / o r  p o l y m e r i z a t i o n s .
I t  i s  t o  be hoped t h a t  t h i s  s t u d y  w i l l  shed some l i g h t  on 
t h e  r e l a t i v e  im p o r ta n c e  g i v e n  th e  above f a c t o r s  i n  d e t e r m i n i n g  
v o l a t i l i t y .
A t rem endous  need e x i s t s  f o r  the  deve lopm ent  o f  b e t t e r  
s e p a r a t i o n  t e c h n i q u e s  f o r  t h e  l a n t h a n i d e  e l e m e n t s .  T h i s  need i s  
d e r i v e d  from t h e  f a c t s  t h a t  t h e  l a n t h a n i d e  e l e m e n t s  a r e  abundan t  
i n  t h e  e a r t h ' s  c r u s t ,  p o s s e s s  some un ique  p r o p e r t i e s  w h ich  a r e  a t t r a c t i v e  
t o  i n d u s t r y ,  and a r e  c o s t l y  t o  s e p a r a t e  by e x i s t i n g  commerical  
m ethods .
The abundance  of  t h e  l a n t h a n i d e  e l e m e n t s  i s  i l l u s t r a t e d  
i n  Tab le  I I ,  where t h e i r  abundance  i s  compared w i t h  t h a t  o f  some v e r y  
common and f r e q u e n t l y  used  e l e m e n t s .
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ABUNDANCE OF SOME ELEMENTS IN IGNEOUS ROCKS OF 
THE EARTH'S CRUST ( 1 . 2 )
Cerium 46 ppm Tin 40 ppm
Neodymium 24 ppm C o b a l t 23 ppm
Lanthanum 18 ppm Lead 16 ppm
Samarium 6 .5 ppm Boron 3 ppm
G ado l in iu m 6 . 4 ppm Bromine 1 . 6 ppm
Praseodymium 5 .5 ppm I o d i n e 0 . 1 ppm
Dyspros ium 4 . 5 ppm S i l v e r 0 . 1 ppm
Y t t e r b i u m 2.7 ppm Cadmium 0 .1 5 ppm
Erbium 2 . 5 ppm Gold 0 . 0 0 5 ppm
Holmium 1 . 2 ppm P l a t i n u m 0 . 0 0 5 ppm
Europium 1 . 1 ppm
Terb ium 0 .9 ppm
L u t e t i u m 0 . 8 ppm
Thul ium 0 . 2 ppm
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The abundance d a t a  g i v e n  i n  Tab le  I I  i n d i c a t e  t h a t  the  
l a n t h a n i d e s  a r e  p o t e n t i a l l y  a v a i l a b l e  i n  u n l i m i t e d  q u a n t i t i e s .
T h i s  f a c t ,  by i t s e l f ,  e m phas izes  t h e  g r e a t  im por ta nc e  of  a r a p i d  
and econom ica l  method o f  s e p a r a t i o n  and p u r i f i c a t i o n  f o r  each  
e le m en t  of  t h e  s e r i e s .
As may be e x p e c t e d  from s i m i l a r i t i e s  i n  c r y s t a l  r a d i i ,  
o x i d a t i o n  s t a t e ,  and g e n e r a l  p r o p e r t i e s ,  most  l a n t h a n i d e  m i n e r a l s  
c o n t a i n ,  i n  v a r i a b l e  p e r c e n t a g e ,  a l l  t h e  members of  t h e  s e r i e s .
E lemen ts  such  a s  Y, Th, and U, and t o  a l e s s e r  e x t e n t  Zr and Be 
o f t e n  a l s o  a r e  i n c l u d e d  i n  t h e s e  m i n e r a l s .
P r e s e n t  i n d u s t r i a l  u s e s  o f  t h e  l a n t h a n i d e s  a r e  g r e a t l y  
l i m i t e d  by t h e i r  c o s t  o f  p r o d u c t i o n .  Some o f  t h e i r  more i m p o r t a n t  
u s e s  a r e  l i s t e d  be low.
M e t a l l u r g y .  I n  t h i s  f i e l d ,  t h e  l a n t h a n i d e s  a r e  v e r y  se ldom used 
a s  e l e m e n t s  b u t  q u i t e  o f t e n  a s  a l l o y s .  The a l l o y s ,  known as  
" m i s c h m e t a l s " ,  c o n t a i n  p r e d o m i n a n t l y  c e r iu m  (30-50%).  M ischm eta l s  
im p a r t  h i g h  s t r e n g t h  t o  magnesium a l l o y s  a t  600°C or  more;  h ig h  
t e m p e r a t u r e  s t r e n g t h  t o  a lum in ium ;  o x i d a t i o n  r e s i s t a n c e  t o  n i c k e l  
a l l o y s ;  h a r d n e s s  t o  c o p p e r ,  and m a l l e a b i l i t y  t o  s t a i n l e s s  s t e e l  
and vanadium.
Ceramic and G l a s s  I n d u s t r y .  Some o f  t h e  o x i d e s  (Nd and Pr)  a r e  used 
as  c o l o r i n g  a g e n t s  i n  g l a s s  and c e r a m i c s ;  l an thanum  ox ide  i s  used in  
t h e  p r e p a r a t i o n  of  l o w - d i s p e r s i o n ,  h i g h - r e f r a c t i o n  o p t i c a l  g l a s s .
T h e i r  a p p l i c a t i o n s  i n  g l a s s  p o l i s h i n g  i s  a l s o  a v e r y  i m p o r t a n t  u s e .
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Sometimes,  due t o  the  h i g h  m e l t i n g  p o i n t  o f  the  o x i d e s  
and o t h e r  s a l t s  o f  t h e  l a n t h a n i d e s ,  t h e y  a r e  used  a s  r e f r a c t o r i e s ,  
a l t h o u g h ,  some a r e  r e a c t i v e  a t  h i g h  t e m p e r a t u r e s .
As C a t a l y s t s .  S e v e r a l  i n d u s t r i a l  p r o c e s s e s  employ l a n t h a n i d e  compounds, 
e x p e c i a l l y  o x i d e s ,  a s  c a t a l y s t s .  S p e c i f i c  examples  a r e  h y d r o g e n a t i o n ,  
d e h y d r o g e n a t i o n ,  and o x i d a t i o n  o f  o r g a n i c  compounds.  A l s o ,  t h e y  a r e  
used a s  c a t a l y s t s  i n  p e t r o l e u m  c r a c k i n g  and p o l y e s t e r i f i c a t i o n  
p r o c e s s e s .
Arc Carbon .  The c o r e  of  c a rb o n  e l e c t r o d e s  f o r  a r c  l i g h t s  c o n t a i n s  
r a r e  e a r t h  o x i d e s  and f l u o r i d e s .  T h e i r  p r e s e n c e  i n c r e a s e s  t h e  
a r c  i n t e n s i t y  by a b o u t  t e n  f o l d .
O the r  A p p l i c a t i o n s .  The l a n t h a n i d e  o x i d e s  have a l s o  s e v e r a l  
a p p l i c a t i o n s  i n  t h e  n u c l e a r  f i e l d .  L i k e w i s e ,  a t  t h e  p r e s e n t  t im e ,  
c e r t a i n  o f  t h e i r  s a l t s  a r e  b e in g  used i n  an  i n c r e a s i n g  r a t e  f o r  
e l e c t r o n i c  and m a g n e t i c  a p p l i c a t i o n s .  P e r h a p s  t h e  most  p r o m i s in g  
o f  t h e  new u s e s  i s  t h e  use  of  eu rop ium  a s  a phosphor  i n  t h e  t u b e s  
o f  c o l o r  TV s e t s .
I f  we look  a t  t h e  f u t u r e ,  i t  seems t h a t  p o s s i b i l i t i e s  
a r e  numerous.  I t  i s  w e l l  known t h a t  the  e x t e n s i v e  use o f  the  
l a n t h a n i d e s  ha s  been  l i m i t e d  by i t s  commerc ial  s c a r c i t y  and h i g h  
c o s t .  W ith  c o n t i n u i n g  r e s e a r c h ,  b o th  d i f f i c u l t i e s  may be c o m p l e t e l y  
r e s o l v e d ,  and i f  c o s t  and a v a i l a b i l i t y  r e a c h  a p p r o p r i a t e  l e v e l s ,  
t h e  l a n t h a n i d e s  w i l l  be c o m p e t i t i v e  w i t h  some of  t h e  more commonly 
used  m e t a l s .
12
H i s t o r i c a l l y ,  t h e  s e p a r a t i o n  of  t h e  l a n t h a n i d e s  ha s  been 
a n  e x t r a o r d i n a r i l y  t e d i o u s ,  i n e f f i c i e n t ,  and l a b o r i o u s  t a s k  c a r r i e d  
ou t  by f r a c t i o n a l  c r y s t a l l i z a t i o n ,  f r a c t i o n a l  p r e c i p i t a t i o n ,  and 
f r a c t i o n a l  d e c o m p o s i t i o n .  None o f  t h e s e  t e c h n i q u e s  a r e  e x t e n s i v e l y  
employed t o d a y  i n  i n d u s t r i a l  s e p a r a t i o n  o f  t h e  l a n t h a n i d e s .  These 
c l a s s i c a l  t e c h n i q u e s  have been  r e p l a c e d  by io n  exchange  ch ro m a tog raphy .
The i o n  exchange c h ro m a to g r a p h ic  t e c h n i q u e s  a r e  based  upon 
t h e  f a c t  t h a t  a l t h o u g h  t h e  p r o p e r t i e s  o f  t h e  l a n t h a n i d e s  i n  the  
+3 o x i d a t i o n  s t a t e  a r e  v e r y  s i m i l a r ,  t h e r e  a r e  some s l i g h t  q u a n t i t a t i v e  
d i f f e r e n c e s  w h ich  v a r y  s y s t e m a t i c a l l y  f rom lan thanum  t h r o u g h  l u t e t i u m  
( i n c l u d i n g  y t t r i u m ) .  One such example i s  the  s t e a d y  d e c r e a s e  i n  
s i z e  ( l a n t h a n i d e  c o n t r a c t i o n ) ,  and c o n s e q u e n t  d e c r e a s e  i n  b a s i c i t y ,  
w i t h  i n c r e a s i n g  a to m ic  number.
A d i r e c t  consequence  o f  t h i s  f a c t  i s  t h e  i n c r e a s e  of  
h y d r a t e d  r a d i i  o f  t h e  l a n t h a n i d e  i o n s  w i t h  i n c r e a s i n g  a to m ic  number.  
S ince  t h e  b i n d i n g  o f  c a t i o n s  t o  the  a n i o n i c  s i t e s  o f  t h e  exchange 
r e s i n s  i n v o l v e  e l e c t r o s t a t i c  a t t r a c t i o n  o f  t h e  h y d r a t e d  c a t i o n  to  
t h e  n e g a t i v e  s i t e ,  i t  i s  found t h a t  t h e  l a r g e r  t h e  h y d r a t e d  r a d i u s  
o f  t h e  i o n ,  t h e  l e s s  t r o n g l y  i t  i s  bound.  T h i s  e f f e c t  makes p o s s i b l e  
the  s e p a r a t i o n  of  t h e  l a n t h a n i d e  i o n s  when a s o l u t i o n  c o n t a i n i n g  
s e v e r a l  o f  them p a s s e s  s lo w ly  th r o u g h  a column of  a c a t i o n  exchange 
r e s i n ,  w i t h  t h e  h e a v i e r  members coming t h r o u g h  f i r s t .
Even though  t h i s  method i s  t h e  b e s t  a v a i l a b l e  a t  t h e  p r e s e n t
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moment and p ro d u ces compounds o f  h ig h  p u r it y  (9 9 .9 7 .) i t  i s  s t i l l
s lo w ,  t e d io u s  and h ig h ly  e x p e n s iv e .
A newer t e c h n i q u e  w h ich  o f f e r s  p romise  t o  t h e  econom ica l  
r e c o v e r y  o f  t h e  i n d i v i d u a l  l a n t h a n i d e  e l e m e n t s  i s  c o n t i n u o u s  
c o n t e r c u r r e n t  e x t r a c t i o n .
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EXPERIMENTAL
1 . -  Source  o f  B - d i k e t o n e s ,  l a n t h a n i d e  s a l t s  and o t h e r  i m p o r t a n t  
c h e m i c a l s .
A c e t y l a c e t o n e : The commerc ial  r e a g e n t ,  s u p p l i e d  by Matheson ,
Coleman and B e l l  ( b . p .  136-140 ° C ) , was used  f r e s h l y  d i s t i l l e d .
T r i f l u o r o a c e t y l a c e t o n e  and H e x a f l u o r o a c e t y l a c e t o n e : The commercial
r e a g e n t s  s u p p l i e d  by P e n i n s u l a r  Chem. R e s e a rc h ,  I n c .  (P .O.  Box 14318, 
G a i n e s v i l l e ,  F l o r i d a ,  USA.) ,  were used w i t h o u t  f u r t h e r  p u r i f i c a t i o n .
D i p i v a l o y l m e t h a n e : The commerc ial  r e a g e n t  s u p p l i e d  by P i e r c e
Chemical  Co . ,  (P.O.  Box 117, Rock fo rd ,  I l l i n o i s  61105) ,  was used 
w i t h o u t  f u r t h e r  p u r i f i c a t i o n .
L a n t h a n i d e  S a l t s :  A l l  t h e  l a n t h a n i d e  c h l o r i d e s  or  m e t a l s  ( w i t h
th e  e x c e p t i o n  o f  l u t e t i u m )  were s u p p l i e d  by K & K L a b o r a t o r i e s ,
I n c .  (121 E x p r e s s  S t r e e t ,  E n g i n e e r s  H i l l ,  P l a i n v i e w ,  New York) 
w i t h  a s t a t e d  p u r i t y  o f  99.9% o r  b e t t e r .  M e t a l l i c  l u t e t i u m  was 
s u p p l i e d  by C i t y  Chemical  C o r p o r a t i o n ,  New York,  New York.  A l l  
t h e s e  c h e m i c a l s  were used w i t h o u t  f u r t h e r  p u r i f i c a t i o n .
Scandium C h l o r i d e  and Y t t r i u m  C h l o r i d e :  The commerical  r e a g e n t s
s u p p l i e d  by K & K L a b o r a t o r i e s ,  were used  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  
Thorium N i t r a t e :  Th(NO^)^ • 4 ^ 0 ,  s u p p l i e d  by J .  T. Baker  Chemical
C o . , was used w i t h o u t  f u r t h e r  p u r i f i c a t i o n .
O the r  c h e m i c a l s  u se d ;  A l l  o t h e r  c h e m ic a l s  u s e d ,  l i k e  m i n e r a l  
a c i d s ,  b a s e s ,  o r g a n i c  s o l v e n t s ,  e t c . ,  came from normal  s u p p l i e r s
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and were of  an  A n a l y t i c a l  Reagent  g r a d e .
2 . -  P r e p a r a t i o n  o f  M e ta l  C h e l a t e  Compounds o f  3 - D i k e t o n e s .
A) A c e t y l a c e t o n a t e s .
The a c e t y l a c e t o n a t e s ,  were  p r e p a r e d  a c c o r d i n g  t o  the  
method p roposed  by S t i t e s ,  McCarty and Q u i l l  ( 2 2 ) .  The l a n t h a n i d e  
c h l o r i d e  was d i s s o l v e d  i n  w a t e r  and th e  s o l u t i o n  pH was a d j u s t e d  
t o  a v a l u e  o f  a p p r o x i m a t e l y  5 . 0 .  An aqueous  s o l u t i o n  o f  ammonium 
a c e t y l a c e t o n a t e  was added t o  t h e  l a n t h a n i d e  s o l u t i o n  w i t h  c o n s t a n t  
s t i r r i n g ,  w h i l e  t h e  pH of  t h e  r e a c t i n g  m i x t u r e  was m a i n t a i n e d  a t  
a v a l u e  j u s t  below t h a t  o f  the  pH o f  p r e c i p i t a t i o n  of  t h e  
c o r r e s p o n d i n g  r a r e  e a r t h  h y d r o x id e  ( 3 1 ) .
The m ix t u r e  was s t i r r e d  f o r  tw e lv e  h o u r s  t o  i n s u r e  t h e  
c o n v e r s i o n  o f  any b a s i c  a c e t y l a c e t o n a t e  t o  t h e  normal  compound.
The c r y s t a l l i n e  p r e c i p i t a t e  wh ich  was a t r i - h y d r a t e ,  was f i l t e r e d  
and a i r  d r i e d .  Then,  a c c o r d i n g  t o  Pope,  S t e i n b a c h  and Wagner ( 4 ) ,  
t h e  monohydra ted c h e l a t e  was p r e p a r e d  by l e a v i n g  t h e  t r i - h y d r a t e d  
f o r m  f o r  f o u r  h o u r s  i n  a d e s i c c a t o r  o v e r  magnesium p e r c h l o r a t e .
A l l  c a rb o n - h y d ro g e n  a n a l y s e s  were pe r fo rm ed  by G a l b r a i t h  
L a b o r a t o r i e s ,  I n c .
Only f o u r  c h e l a t e s  of  t h e  l a n t h a n i d e  s e r i e s  were p r e p a r e d .  
T r i s  ( A c e t y l a c e t o n a t o )  Lanthanum ( I I I ) .
The w h i t e  c r y s t a l l i n e  t r i h y d r a t e d  compound, m e l t e d  a t
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150 - 152 °C. At t h i s  t e m p e r a t u r e  t h e  compound decomposed w i t h  
abu n d a n t  g a s s i n g  and e v o l u t i o n  of  a c e t y l a c e t o n e  ( 4 ) .  The m e l t i n g  
p o i n t  i s  no t  s h a r p ;  i n d e e d ,  t h e  whole m e l t i n g  p r o c e s s  i s  a g r a d u a l  
s o f t e n i n g  of  the  compound u n t i l  i t s  comple te  l i q u e f a c t i o n .  Th i s  
l a s t  p o i n t  was t a k e n  a s  t h e  m e l t i n g  p o i n t .  Very l i k e l y ,  t h i s  i s  
t h e  r e a s o n  why t h e r e  a r e  m e l t i n g  p o i n t s  r e p o r t e d  from 135 th ro u g h  
185 °C (4)  f o r  t h e  t r i - h y d r a t e d  c h e l a t e .  The i n f r a r e d  (IR) s p e c t r u m  
c on f i rm e d  t h e  n a t u r e  of  t h e  c h e l a t e  ( 3 3 ) .
The c he m ica l  a n a l y s i s  ( s e e  Tab le  I I I )  o f  t h e  d r i e d  c h e l a t e  
s u g g e s t e d  a b a s i c  compound.
T r i s  ( A c e t y l a c e t o n a t o )  Cerium ( I I I ) .
The y e l l o w  c r y s t a l l i n e  t r i - h y d r a t e d  compound m e l te d  a t  
148 - 150 °C. T h i s  compound was o b s e rv e d  t o  m e l t  i n  a manner  s i m i l a r  
t o  t h e  l a n tha num  c h e l a t e .  I n  t h e  l i t e r a t u r e  (4)  m e l t i n g  p o i n t s  
w h ich  r an g e  from 131 t o  147 °C a r e  r e p o r t e d .
The d r i e d  compound i s  d a r k  brown. I n  an  am b ien t  
a tm o s p h e re  i t  r e t u r n s  v e r y  r a p i d l y  t o  a y e l l o w  c o l o r ,  a s i g n  of  
a r a p i d  r e t u r n  t o  t h e  h y d r a t e d  s t a t e .  The IR s p e c t r u m  conf i rmed  
t h e  n a t u r e  o f  t h e  c h e l a t e  ( 3 3 ) .
Chemical  a n a l y s i s  o f  t h e  d r i e d  c h e l a t e  ( s e e  T a b le  I I I )  
s u g g e s t e d  a b a s i c  compound, formed by p a r t i a l  d e c o m p o s i t i o n  d u r i n g  
t h e  d r y i n g  p r o c e s s .
T r i s  ( A c e t y l a c e t o n a t o )  Samarium ( I I I ) .
The w h i t e  c r y s t a l l i n e  t r i - h y d r a t e d  compound, m e l t e d  a t
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143 - 145 °C. Here a g a i n ,  t h e  same o b s e r v a t i o n s  were made a s  f o r  
t h e  lan thanum  c h e l a t e  m e l t i n g  p o i n t .  The l i t e r a t u r e  r e p o r t s  m e l t i n g  
p o i n t s  r a n g i n g  from 143 t o  147 °C ( 4 ) .  IR s p e c t ru m  c on f i rm ed  t h e  
n a t u r e  of  t h e  c h e l a t e  ( 3 3 ) .
The chem ica l  a n a l y s i s  of  t h e  d r i e d  c h e l a t e  ( s e e  T a b le  I I I )  
s u g g e s t e d  a monohydra ted compound.
T r i s  ( A c e t y l a c e t o n a t o )  Erb ium ( I I I ) .
The p i n k  c r y s t a l l i n e  t r i - h y d r a t e d  compound m e l te d  a t  
126 - 128 °C. The same o b s e r v a t i o n s  made f o r  t h e  l an thanum  c h e l a t e  
m e l t i n g  p o i n t  were found h e r e .  The l i t e r a t u r e  r e p o r t s  a m e l t i n g  
p o i n t  r an g e  o f  125 - 132 °C ( 4 ) .  IR s p e c t r u m  conf i rm ed  t h e  n a t u r e  
o f  t h e  c h e l a t e  ( 3 3 ) .
The chem ica l  a n a l y s i s  o f  t h e  d r i e d  c h e l a t e  ( s e e  Tab le  I I I )  
s u g g e s t e d  a b a s i c  compound due t o  p a r t i a l  d e c o m p o s i t i o n  d u r i n g  the  
d r y i n g  p r o c e s s .
T e t r a k i s  ( A c e t y l a c e t o n a t o )  Thorium ( IV ) .
T h i s  compound was o b t a i n e d  from K & K L a b o r a t o r i e s .  IR 
s p e c t r u m  conf i rmed  t h e  n a t u r e  of  t h e  c h e l a t e .  The m e l t i n g  p o i n t  
was 158 - 159 °G. Subsequen t  f r a c t i o n a l  s u b l i m a t i o n  e x p e r i m e n t s  
proved t h i s  compound t o  be impure .  The m e l t i n g  p o i n t  of  t h e  s u b l i m a t e  
was 172 °C, which  c o r r e s p o n d s  w i t h  t h e  v a l u e  i n  t h e  l i t e r a t u r e  ( 3 7 ) .
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TABLE I I I
ANALYTICAL RESULTS FOR THE LANTHANIDE ACETYLACETONATES 
DRIED OVER MAGNESIUM PERCHLORATE
Compound C a l c u l a t e d (*) Found
7oC Y<H YoOxide YoC Y=H YoOxide
La(AA)3 39 .66 5.11 36.00 38 .5 8 5 .2 2 37 .08
Ce(AA)3 39 .5 5 5 .10 36 .1 0 34 .18 4 .5 1 42.61
Sm(AA)^ 38 .68 4 .99 37.60 38 .42 4 .7 9 37 .88
Er(AA)3 37 .33 4 .81 39 .60 35 .06 4 .5 9 41 .3 8
(*)  C a l c u l a t e d  f o r  a m ono-hydra ted  compound.
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T e t r a k i s  ( A c e t y l a c e t o n a t o )  Uranium ( I V ) .
T h i s  c h e l a t e  was p r e p a r e d  a c c o r d i n g  t o  t h e  method s u g g e s t e d  
by Grdenic^ and K o r p a r - C o l i g  ( 2 4 ) .  The d a rk  g r e e n  and v e r y  w e l l  
c r y s t a l l i z e d  compound m e l t e d  a t  177 - 178 °C. The l i t e r a t u r e  g i v e s  
175 - 176 °C a s  t h e  m e l t i n g  p o i n t  ( 2 5 ) .  IR s p e c t r u m  conf i rm ed  th e  
n a t u r e  o f  t h e  c h e l a t e .  As n o r m a l ly  o c c u r s ,  t h e  u ran ium  (IV) s a l t  
o x i d i z e d  v e r y  e a s i l y  t o  t h e  u r a n y l  d e r i v a t i v e  w i t h  i t s  c h a r a c t e r i s t i c  
y e l l o w  c o l o r  i n  t h e  ambien t  a tm o s p h e re .
U rany l  A c e t y l a c e t o n a t e .
U rany l  a c e t y l a c e t o n a t e  was p r e p a r e d  a c c o r d i n g  t o  the  
method s u g g e s t e d  by B i l t z  and C l i n c h  ( 2 9 ) .  The o ran g e  c r y s t a l l i n e  
p r o d u c t ,  r e c r y s t a l l i z e d  from m ethy l  a l c o h o l ,  m e l t e d  a t  220 - 222 °C 
( i n  a s e a l e d  c a p i l l a r y  t u b e ) .  The l i t e r a t u r e  r e p o r t s  225 - 250 °C 
a s  t h e  m e l t i n g  range  ( 2 5 ) .
T r i s  ( A c e t y l a c e t o n a t o )  Scandium ( I I I ) .
T h i s  complex was p r e p a r e d  a c c o r d i n g  t o  t h e  method s u g g e s t e d  
b y  S t i t e s ,  McCarty and Q u i l l  ( 2 2 ) .  The w h i t e  compound, r e c r y s t a l l i z e d  
from m ethy l  a l c o h o l ,  m e l t e d  a t  189 - 190 °C ( i n  a s e a l e d  c a p i l l a r y  
t u b e ) .
The r e s u l t s  of  t h e  c hem ica l  a n a l y s i s  were 52.61% C and 
6.10% H. The c a l c u l a t e d  p e r c e n t a g e s  f o r  t h e  anhyd rous  compound 
a r e :  52.62% C and 6.19% H.
T r i s  ( A c e t y l a c e t o n a t o )  Y t t r i u m  ( I I I ) .
P r e p a r e d  by t h e  same method a s  t h e  scandium c h e l a t e ,  t h e
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w h i t e  compound r e c r y s t a l l i z e d  from m e thy l  a l c o h o l  and m e l t e d  w i t h  
d e c o m p o s i t i o n  a t  141 - 142 °C ( i n  a s e a l e d  c a p i l l a r y  t u b e ) .
I t s  c he m ica l  a n a l y s i s ,  39.25% C and 5.70% H compared w i t h  
t h e  t h e o r e t i c a l  v a l u e s  of  40.7% C and 6.15%> H c a l c u l a t e d  on a 
t r i - h y d r a t e d  b a s i s ,  s u g g e s t e d  a b a s i c  p r o d u c t .
B . - T r i f l u o r o a c e t y l a c e t o n a t e s .
A l l  t h e s e  c h e l a t e s  were p r e p a r e d  a c c o r d i n g  t o  t h e  method 
s u g g e s t e d  by Young ( 2 8 ) .
An aqueous  s o l u t i o n  o f  t h e  ammonium s a l t  o f  t h e  
t r i f l u o r o a c e t y l a c e t o n e  was added t o  t h e  aqueous  s o l u t i o n  o f  the  
l a n t h a n i d e  c h l o r i d e .  The m i x t u r e  of  t h e  two s o l u t i o n s  s hou ld  be 
n e u t r a l  t o  l i t m u s .  The t r i f l u o r o a c e t y l a c e t o n a t e  c h e l a t e  p r e c i p i t a t e d  
and was f i l t e r e d .  The p r e c i p i t a t e  was washed w i t h  w a t e r ,  a i r  d r i e d  and 
f i n a l l y  r e c r y s t a l l i z e d  from benzene  as  t h e  d i - h y d r a t e ,  e x c e p t  the  
u r a n y l  d e r i v a t i v e  wh ich  was r e c r y s t a l l i z e d  from m e thy l  a l c o h o l .
A l l  t h e s e  c h e l a t e s  were r e m a rk a b l y  s o l u b l e  i n  m ethy l  
a l c o h o l .  No s h a rp  m e l t i n g  p o i n t s  were o b s e rv e d  f o r  t h e  
t r i f l u o r o a c t y l a c e t o n a t e  com plexes .  Upon h e a t i n g ,  t h e  s o l i d  s lo w ly  
s o f t e n e d ,  and f i n a l l y  m e l t e d  c o m p l e t e l y .  T h i s  l a s t  t e m p e r a t u r e  was 
t a k e n  a s  t h e  m e l t i n g  p o i n t .
The c he m ica l  a n a l y s e s  of  t h e  p r e p a r e d  c h e l a t e s  were 
pe r fo rm ed  by G a l b r a i t h  L a b o r a t o r i e s ,  I n c .  and a r e  g i v e n  i n  Tab le  IV.
Some p h y s i c a l  p r o p e r t i e s  and b i b l i o g r a p h i c  r e f e r e n c e s  o f  
t h e  p r e p a r e d  t r i f l u o r o a c e t y l a c e t o n a t e s  a r e  summarized i n  Tab le  V.
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Chemical  A n a ly s e s  o f  t h e  P r e p a r e d  T r i f l u o r o a c e t y l a c e t o n e
C h e l a t e s
Compound Found C a l c u l a t e d
% C % H % F 7o C . % H % F
La(TFAA) 28 .38 2 .50 21 .54 28 .40 2 .5 4 26 .96 ( a )
Ce(TFAA)3 28 .34 2 .0 4 24 .53 28 .35 2 .5 4 26.91 ( a )
Pr(TFAA) 28 .34 2 .49 21 .9 3 28 .32 2 .5 4 26 .88 ( a )
Nd(TFAA)3 28 .25 2 .50 24 .8 5 28.17 2 .52 26 .7 4 ( a )
Sm(TFAA) 27 .86 2 .3 8 23 .9 3 27 .89 2.49 26 .4 8 ( a )
Eu(TFAA)3 27 .9 8 2 .4 4 23 .62 27 .83 2.49 26 .4 2 ( a )
Gd(TFAA) 27.49 2.31 23.97 27 .62 2.47 26 .2 2 ( a )
Tb(TFAA) 27.30 2 .46 25 .5 8 27 .53 2 .46 26 .13 ( a )
Dy(TFAA) 27.67 2.47, 25 .2 0 ' 27 .39 2 .45 26 .0 0 ( a )
Ho(TFAA) 28 .0 0 2 .4 5 25.81 27 .29 2 .4 4 25 .9 0 ( a )
Er(TFAA) 27 .8 0 2 .41 25 .52 27 .19 2 .4 3 25.81 ( a )
Tm(TFAA) 27.49 2.47 26 .31 27 .1 0 2 .43 25 .73 (a)
Yb(TFAA)3 27 .06 2 .40 25 .56 26 .96 2.41 25 .58 ( a )
Lu (TFAA)3 26 .71 2 .56 26 .24 26.87 2.41 25.51 ( a )
Sc(TFAA) 31 .0 0 2 .4 2 28 .48 32.27 3 .25 30 .6 3 (b)
y ( tfaa) 3 32 .48 2 .89 29 .38 32 .86 2.21 31 .17 (c)
Th(TFAA)4 28 .38 2 .1 4 25.87 28 .4 4 1.91 26.99 (c)
uo2 (tfaa) 2 20 .21 1 .8 2 19 .02 20.21 1 .70 19 .1 8 ( d )
( a ) P e r c e n t a g e s of c, H and F c a l c u l a t e d on a d i h y d r a t e d  b a s i s .
(b) P e r c e n t a g e s of c, H and F c a l c u l a t e d on a t r i h y d r a t e d  b a s i s .
(c) P e r c e n t a g e s of c, H and F c a l c u l a t e d on an anhyd rous  b a s i s .
Cd) P e r c e n t a g e s of c, H and F c a l c u l a t e d on a monohydra ted b a s i s
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TABLE V
PHYSICAL PROPERTIES OF THE PREPARED TRIFLUOROACETYLACETONE
CHELATES
Compound C olo r o„m.p .  c
found
o „m .p .  C 
l i t e r a t u r e
Sugges ted  d e g re e  
o f  h y d r a t i o n
La(TFAA) w h i t e 142-144 169 (5) D i h y d r a t e d
Ce(TFAA) da rk -b row n 127-129 130-131 (5) D i h y d r a t e d
Pr(TFAA)3 l i g h t - g r e e n 136-138 133-134 (5) D ih y d r a t e d
Nd(TFAA) l a v a n d e r 147-149 133-134 (5) D i h y d r a t e d
Sm(TFAA) cre a m -w h i t e 147-149 ---- D ih y d r a t e d
Eu(TFAA)3 w h i t e 144-146 132-134 (5) D ih y d r a t e d
Gd(TFAA) w h i t e 145-147 133-135 (5) D ih y d r a t e d
Tb(TFAA) w h i t e
y e l l o w
f l u o r e s c e n c e
154-156 ---- D i h y d r a t e d
Dy(TFAA)3 w h i t e 152-154 ---- D i h y d r a t e d
Ho(TFAA) cre a m -w h i te 154-156 ---- D i h y d r a t e d
Er(TFAA) 3 p in k 148-150 ---- D ih y d r a t e d
Tm(TFAA) w h i t e 156-158 ---- D i h y d r a t e d
Yb(TFAA)3 w h i t e 140-142 ---- D i h y d r a t e d
Lu (TFAA)3 w h i t e 188-190 - - - D ih y d r a t e d
Sc(TFAA) w h i t e 124-126 106-107 (5) T r i h y d r a t e d
Y(TFAA) w h i t e 146-148 132 (5) Anhydrous
Th(TFAA)4 w h i t e 149-151 ---- Anhydrous
uo2 ( tfaa) 2 y e l lo w 210 d e c . * “ -- Monohydrated
* W ith  e v o l u t i o n  o f  g a s .
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C . - H e x a f l u o r o a c e t y l a c e t o n a t e s .
A l l  the  h e x a f l u o r o a c e t y l a c e t o n a t e s  were p r e p a r e d  a c c o r d i n g  to  
t h e  method s u g g e s t e d  by H a l v e r s o n ,  B r in e n  and L e to  ( 9 ) .
An aqueous  s o l u t i o n  o f  t h e  l a n t h a n i d e  o r  r e l a t e d  e lem en t
c h l o r i d e  was shaken  w i t h  a d i e t h y  e t h e r  s o l u t i o n  of  ammonium
h e x a f l u o r o a c e t y l a c e t o n a t e . The m e t a l  io n  r e a c t e d  w i t h  the  l i g a n d ,
and th e  c h e l a t e  was e x t r a c t e d  i n t o  t h e  e t h e r  p h a s e .  The e t h e r
s o l u t i o n  of  t h e  c h e l a t e  was d r i e d  w i t h  Na„SO., and t h e n t h e  e t h e r2 4
was e v a p o r a t e d .  I n  t h i s  way, a s o l i d  c h e l a t e  was o b t a i n e d  which 
was p u r i f i e d  by r e c r y s t a l l i z a t i o n  from a m ix t u r e  of  w a t e r : m e t h a n o l  
( 9 : 1 ) .  The h e x a f l u o r o a c e t y l a c e t o n a t e s  of  l an thanum  c e r ium ,  praseodymium, 
holmium, e fb ium ,  and l u t e t i u m  were p u r i f i e d  by vacuum s u b l i m a t i o n  
i n  a co ld  f i n g e r  t y p e  vacuum s u b l i m a t o r  a t  a t e m p e r a t u r e  o f  180°C 
and 0 .0 5  mm mercury  p r e s s u r e .
The r e s u l t s  o f  the  c a r b o n - h y d r o g e n - f l u o r i n e  a n a l y s e s  
pe r fo rm ed  by G a l b r a i t h  L a b o r a t o r i e s ,  I n c .  a r e  shown i n  Tab le  VI- 
The com par i son  of  t h e s e  r e s u l t s  w i t h  t h e o r e t i c a l  c a l c u l a t i o n s  
s u g g e s t e d  t h a t  the  d i f f e r e n t  c h e l a t e s  were* i n  a- h y d r a t e d  form.
A common c h a r a c t e r i s t i c  o f  t h e  h e x a f l u o r o a c e t y l a c e t o n a t e s  
o f  the  r a r e  e a r t h s  i s  t h e i r  low t h e r m a l  s t a b i l i t y  a t  normal  
a t m o s p h e r i c  p r e s s u r e .  For  i n s t a n c e ,  t h e s e  compounds do n o t  m e l t  
s h a r p l y ;  t h e  s o l i d  b e g i n s  t o  s o f t e n  and f i n a l l y  f u s i o n  of  t h e
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TABLE VI




C a l c u l a t e d (*)  
7.C 7Ji
C a l c u l a t e d ( * * )  
7„C 7h
La( HFAA) 3 23 .36 0 .9 8 23.15 0 .6 5 22 .63 0 .8 9
Ce(HFAA)3 23 .32 0 .8 8 23 .12 0 .6 5 22 .60 0 .8 8
Pr(HFAA)3 23 .16 0 .8 4 23.10 0 .6 5 22.57 0 .8 8
Nd(KFAA)3 22 .62 0 .9 0 23 .00 0 .6 4 22 .48 0 .8 8
Sm(HFAA)3 22.11 1 .15 22 .82 0 . 6 4 22.31 0.87
Eu (HFAA)3 23 .16 0.67 22.77 0 . 6 4 22.27 0 .87
Gd(HFAA) 22 .88 0 .61 22 .62 0 .6 3 22 .1 2 0.87
Tb(HFAA)3 22 .26 0 .9 5 22.57 0 .6 3 22.10 0 .8 6
Dy(HFAA)3 22 .4 0 0 .6 8 22.47 0 .6 3 21 .98 0 .86
Ho(HFAA) 22.69 0.77 22 .40 0 .6 3 21 .92 0 .86
Er(HFAA)3 22 .57 0 .8 5 22 .34 0 .6 2 21 .85 0 .8 6
Tm(HFAA) 22 .45 0.69 22.30 0 .6 2 21.81 0 .8 5
Yb(HFAA) 22 .30 0 .9 4 22 .18 0 .6 2 21.70 0 .8 5
Lu(HFAA)3 22 .56 0 .6 2 22.13 0 .6 2 21 .65 0 .85
Sc(HFAA) 27 .03 0 .4 4 27 .04 0 . 4 5 ( a ) 26 .33 0 .7 4 ( * )
y ( hfaa) 3 25 .40 0 .4 4 25.37 0 . 4 3 ( a ) 24 .74 0 . 69(*)
Th(HFAA)4 22 .6 2 0 .37 22.65 0 . 3 8 ( a ) 22 .27 0 . 56(*)
(*)  C a l c u l a t e d  f o r  monohydra ted b a s i s  c h e l a t e .
( * * ) C a l c u l a t e d  f o r  d i h y d r a t e d  b a s i s  c h e l a t e ,  
( a )  C a l c u l a t e d  f o r  anhydrous  b a s i s  c h e l a t e .
25
compound o c c u r s  w i t h  a s i m u l t a n e o u s  e v o l u t i o n  of  abunda n t  g a s ,  
p r o b a b l y  due t o  t h e  e v a p o r a t i o n  of  the  c h e l a t e  and an a p p r e c i a b l e  
d e c o m p o s i t i o n .  As i n  t h e  case  o f  t h e  t r i f l u o r o  c h e l a t e s ,  t h e  
t e m p e r a t u r e  of  t o t a l  f u s i o n  was t a k e n  as  t h e  m e l t i n g  p o i n t  of  
the  compound.
Some anhyd rous  c h e l a t e s  were a l s o  p r e p a r e d  by d r y i n g  
t h e  h y d r a t e d  compounds o v e r  phosphorus  p e n t o x i d e  a t  a p r e s s u r e  
o f  0 . 0 2  mm m erc u ry  f o r  72 h o u r s .  The anhydrous  c h e l a t e s  a r e  n o r m a l ly  
d a r k e r  t h a n  t h e  h y d r a t e d  ones and show a r e m a rk a b l e  t e n d e n c y  toward 
h y d r a t i o n  i n  t h e  am bien t  a tm o s p h e re .  On s t a n d i n g  f o r  o n ly  a 
s h o r t  t ime i n  t h e  a tm o s p h e re ,  t h e y  a b s o r b  m o i s t u r e  f rom the  a i r
and become once a g a i n  the  h y d r a t e d  c h e l a t e s .
A summary o f  t h e  p h y s i c a l  p r o p e r t i e s  o f  t h e  p r e p a r e d  
h e x a f l u o r o a c e t y l a c e t o n a t e s  i s  shown i n  Tab le  V I I .
D . - D i p i v a l o y l m e t h a n a t e s .
The d i p i v a l o y l m e t h a n a t e s  were p r e p a r e d  a c c o r d i n g  to  the
method s u g g e s t e d  by E i s e n t r a u t  and S i e v e r s  ( 1 0 ) .
An a l c o h o l i c  s o l u t i o n  ( 1 : 1 ,  e t h y l  a l c o h o l : w a t e r )  o f  the  
l a n t h a n i d e  o r  r e l a t e d  e le m en t  c h l o r i d e  was t h o r o u g h l y  mixed w i t h  
an a l c o h o l i c  s o l u t i o n  o f  t h e  sodium s a l t  of  d i p i v a l o y l m e t h a n e .
The c h e l a t e  p r e c i p i t a t e d  i m m e d ia te ly  i n  t h e  form of  a 
w e l l  formed s o l i d .  T h i s  s o l i d  was f i l t e r e d ,  washed and a i r  d r i e d .
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TABLE V II
PHYSICAL PROPERTIES OF THE PREPARED HEXAFLUOROACETYLACETONE
CHELATES
Compound C olo r m .p .  °C 0m.p .  C Sugges ted  de g re e
Found L i t e r a t u r e o f  h y d r a t i o n
La(HFAA) w h i t e 143-146 ---- no t c e r t a i n
Ce(HFAA)3 y e l lo w 125-126 ---- no t c e r t a i n
Pr(HFAA)3 l i g h t - g r e e n 148-151 ---- no t c e r t a i n
Nd(HFAA)3 l a v a n d e r 141-142 117 (33) no t c e r t a i n
Sm(HFAA)3 c ream -w h i te 144-145 ---- no t c e r t a i n
Eu(HFAA)3 l i g h t - y e l l o w 176-177 125 (6) no t c e r t a i n
Gd(HFAA) w h i t e 170-173 ---- n o t c e r t a i n
Tb(HFAA)3 w h i t e
y e l l o w
f l u o r e s c e n c e
170-172 ---- n o t c e r t a i n
Dy(HFAA) cre a m -w h i te 185-188 ---- n o t c e r t a i n
Ho (HFAA) cre a m -w h i t e 214-215 ---- n o t c e r t a i n
Er(HFAA)3 p i n k 194-198 ---- no t c e r t a i n
Tm(HFAA)3 w h i t e 194-196 ---- n o t c e r t a i n
Yb(HFAA)3 w h i t e 177-178 ---- no t c e r t a i n
Lu(HFAA)3 w h i t e 222-223 ---- no t c e r t a i n
Sc(HFAA) w h i t e 116-117* ---- anhydrous
y ( hfaa) 3 w h i t e 142-144 ---- anhyd rous
Th(HFAA)4 w h i t e 122-123* 121-122 (33) anhydrous
* Sharp m e l t i n g  p o i n t .
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The d r i e d  c r y s t a l s  were p u r i f i e d  by s u b l i m a t i o n  i n  a c o l d - f i n g e r  
type  vacuum s u b l i m a t o r  a t  0 . 1  mm m erc u ry  p r e s s u r e  and f i n a l l y  
r e c r y s t a l l i z e d  from h exane .  The s u b l i m a t i o n  t e m p e r a t u r e  v a r i e d  
from compound t o  compound.
Carbon -hyd rogen  a n a l y s e s  o f  t h e  c h e l a t e s  were pe r fo rmed  
b y  G a l b r a i t h  L a b o r a t o r i e s ,  I n c .  and a r e  r e p o r t e d  i n  Tab le  V I I I .
The m e l t i n g  p o i n t s  were n o r m a l ly  s h a rp  ones and were 
t a k e n  i n  s e a l e d  c a p i l l a r y  t u b e s .
T r i s  ( D i p i v a l o y l m e t h a n a t o )  Lanthanum ( I I I ) .
T h i s  compound i s  a w h i t e  c r y s t a l l i n e  p r e c i p i t a t e  when 
o b t a i n e d  i m m e d ia te ly  a f t e r  t h e  p r e c i p i t a t i o n .  I t s  p u r i f i c a t i o n  
by s u b l i m a t i o n  was pe r fo rm ed  a t  184 - 186 °C. R e c r y s t a l l i z a t i o n  
from hexane  gave w h i t e  r e c t a n g u l a r  c r y s t a l s  w h ich  m e l t e d  a t  
239 - 245 °C.. The l i t e r a t u r e  r e p o r t s  m e l t i n g  r a n g e s  o f  238 - 248 °C 
(10)  and 148 - 149 °C ( 3 5 ) .
T e t r a k i s  ( D i p i v a l o y l m e t h a n a t o )  Cerium ( I V ) .
Cerium i s  t h e  o n l y  e l e m en t  i n  t h e  l a n t h a n i d e  s e r i e s  which 
was o b t a i n e d  i n  i t s  (IV) o x i d a t i o n  s t a t e .  The p u r i f i c a t i o n  by 
s u b l i m a t i o n  o f  t h e  brown p r e c i p i t a t e ,  o b t a i n e d  i n  t h e  f i r s t  s t e p  
of  the  s y n t h e s i s ,  was pe r fo rm ed  a t  195 -  196 °C. R e c r y s t a l l i z a t i o n
oCfrom hexane gave b e a u t i f u l  r u b y - r e d  c r y s t a l s  which  m e l t e d  a t  27 6 - 27 8
T r i s ( D i p i v a l o v l m e t h a n a t o ) P r a s e o d y m i u m  ( I I I ) .
The p u r i f i c a t i o n  by s u b l i m a t i o n  of  the  g r e e n  p r e c i p i t a t e  
o b t a i n e d  i n  t h e  f i r s t  s t e p  o f  the  s y n t h e s i s  was pe r fo rm ed  a t  187 - 
R e c r y s t a l l i z a t i o n  from hexane  gave l i g h t - g r e e n  and r e c t a n g u l a r  
c r y s t a l s  which  m e l t e d  a t  222 - 224 °C. T h i s  m e l t i n g  p o i n t  a g r e e s  
w i t h  t h a t  r e p o r t e d  i n  t h e  l i t e r a t u r e  ( 1 0 ) .
T r i s  ( D i p i v a l o y l m e t h a n a t o )  Neodymium ( I I I ) .
T h i s  p r o d u c t  i s  a l a v a n d e r  c r y s t a l l i n e  s o l i d  when j u s t  
p r e c i p i t a t e d .  I t s  p u r i f i c a t i o n  by s u b l i m a t i o n  was pe r fo rmed  a t  
194 - 196 °C. R e c r y s t a l l i z a t i o n  from hexane  gave l a v a n d e r  
r e c t a n g u l a r  c r y s t a l s  which  m e l t e d  a t  218 - 219 °C. The m e l t i n g  
p o i n t  r e p o r t e d  i n  t h e  l i t e r a t u r e  (10) i s  215 - 218 °C.
T r i s  ( D i p i v a l o y l m e t h a n a t o )  Samarium ( I I I ) .
The p u r i f i c a t i o n  by s u b l i m a t i o n  of  the  creamy 
p r e c i p i t a t e  o b t a i n e d  i n  t h e  f i r s t  s t e p  o f  the  s y n t h e s i s  was 
pe r fo rm ed  a t  180 - 182 °C. R e c . r y s t a l l i z a t i o n  from hexane  gave 
w h i t e  r e c t a n g u l a r  c r y s t a l s  which  m e l t e d  a t  200 - 201 °C. M e l t i n g  
p o i n t s  r e p o r t e d  i n  t h e  l i t e r a t u r e  a r e  195 .5  - 198 .5  °C (10)  and 
143 - 144 °C ( 3 5 ) .
T r i s  ( D i p i v a l o y l m e t h a n a t o )  Europium ( I I I ) .
T h i s  c h e l a t e  i s  a y e l lo w  c r y s t a l l i n e  p r e c i p i t a t e  when 
o b t a i n e d  i n  t h e  f i r s t  s t e p  of  t h e  s y n t h e s i s .  I t s  p u r i f i c a t i o n  
by s u b l i m a t i o n  was pe r fo rm ed  a t  185 - 186 °C. R e c r y s t a l l i z a t i o n
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f rom hexane  gave y e l lo w  r e c t a n g u l a r  c r y s t a l s  which  m e l t e d  a t  
190 - 191 °C. M e l t i n g  p o i n t  r e p o r t e d  i n  t h e  l i t e r a t u r e  (10)  i s  
187 - 189 °C.
T r i s  ( D i p i v a l o y l m e t h a n a t o )  Gado l in ium  ( I I I ) .
P u r i f i c a t i o n  by s u b l i m a t i o n  o f  t h e  w h i t e  p r e c i p i t a t e  
o b t a i n e d  i n  t h e  f i r s t  s t e p  o f  the  s y n t h e s i s  was pe r fo rmed  a t  
170 - 172 °C.  R e c r y s t a l l i z a t i o n  from hexane gave w h i t e  r e c t a n g u l a r  
c r y s t a l s  w h ic h  m e l t e d  a t  183 - 184 °C. T h i s  v a l u e  i s  i n  agreem en t  
w i t h  t h e  v a l u e  r e p o r t e d  i n  the l i t e r a t u r e  ( 1 0 ) .
T r i s  ( D i p i v a l o y l m e t h a n a t o )  Terb ium ( I I I ) .
T h i s  p r o d u c t  i s  a w h i t e  c r y s t a l l i n e  p r e c i p i t a t e  when o b t a i n e d  
i n  t h e  f i r s t  s t e p  o f  t h e  s y n t h e s i s .  I t s  p u r i f i c a t i o n  by s u b l i m a t i o n  
was pe r fo rm ed  a t  200 - 202 °C. R e c r y s t a l l i z a t i o n  from hexane 
gave w h i t e  c r y s t a l s  wh ich  m e l t e d  a t  150 - 152 °C. The l i t e r a t u r e  
(10) r e p o r t s  a m e l t i n g  p o i n t  of  177 - 180 °C. T h i s  c h e l a t e  f l u o r e s c e s  
w i t h  a b r i l l i a n t  y e l l o w  c o l o r  under  UV l i g h t .
T r i s  ( D i p i v a l o y l m e t h a n a t o )  Dyspros ium ( I I I ) .
P u r i f i c a t i o n  by s u b l i m a t i o n  o f  t h e  creamy p r e c i p i t a t e  
o b t a i n e d  i n  t h e  f i r s t  s t e p  o f  t h e  s y n t h e s i s  was pe r fo rm ed  a t  
185 - 187 °C.  R e c r y s t a l l i z a t i o n  from hexane  gave w h i t e  r e c t a n g u l a r  
c r y s t a l s  which  m e l t e d  a t  182 - 183 °C.  T h i s  v a l u e  i s  i n  ag reement  
w i t h  t h a t  r e p o r t e d  i n  t h e  l i t e r a t u r e  ( 1 0 ) .
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T r i s  ( D i p i v a l o y l m e t h a n a t o )  Holmium ( I I I ) .
The c re a m -w h i te  p r e c i p i t a t e  o b t a i n e d  i n  t h e  f i r s t  s t e p  
of  t h e  s y n t h e s i s  was p u r i f i e d  by s u b l i m a t i o n  a t  170 - 172 °C. 
R e c r y s t a l l i z a t i o n  from hexane  gave creamy c o l o r e d  c r y s t a l s  which  
m e l t e d  a t  178 - 180 °C. The m e l t i n g  p o i n t s  r e p o r t e d  i n  the  
l i t e r a t u r e  a r e  180 - 182 .5  °C (10)  and 154 - 155 °C ( 3 5 ) .
T r i s  ( D i p i v a l o y l m e t h a n a t o )  Erbium ( I I I ) .
P u r i f i c a t i o n  by s u b l i m a t i o n  of  t h e  p i n k  p r e c i p i t a t e  
o b t a i n e d  i n  t h e  f i r s t  s t e p  o f  t h e  s y n t h e s i s  was pe rfo rmed  a t  
168 -  170 °C. R e c r y s t a l l i z a t i o n  from hexane  gave p in k  c r y s t a l s  
w hich  m e l t e d  a t  179 -  180 °C. T h i s  m e l t i n g  p o i n t  i s  i n  ag reement  
w i t h  one r e p o r t e d  i n  t h e  l i t e r a t u r e  ( 1 0 ) ;  a n o t h e r  m e l t i n g  p o i n t  
r e p o r t e d  i s  153 - 154 °C ( 3 5 ) .
T r i s  ( D i p i v a l o y l m e t h a n a t o )  Thul ium ( I I I ) .
P u r i f i c a t i o n  by s u b l i m a t i o n  of  t h e  f r e s h l y - p r e c i p i t a t e d  
w h i t e  s o l i d  was pe r fo rm ed  a t  170 - 172 °C. R e c r y s t a l l i z a t i o n  from 
hexane gave a w h i t e  c r y s t a l l i n e  c h e l a t e  w h ic h  m e l t e d  a t  170 - 173 °C. 
T h i s  m e l t i n g  p o i n t  i s  i n  ag reem en t  w i t h  t h a t  r e p o r t e d  i n  t h e  l i t e r a t u r e  
( 10) .
T r i s  ( D i p i v a l o y l m e t h a n a t o )  Y te rb ium  ( I I I ) .
P u r i f i c a t i o n  by s u b l i m a t i o n  o f  t h e  w h i t e  c r y s t a l l i n e  
p r e c i p i t a t e  o b t a i n e d  i n  t h e  f i r s t  s t e p  o f  t h e  s y n t h e s i s  was 
pe r fo rm ed  a t  170 - 172 °C. R e c r y s t a l l i z a t i o n  from hexane  gave a
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w h i t e  c r y s t a l l i n e  s o l i d  which  m e l t e d  a t  165 - 167 °C. The m e l t i n g  
p o i n t  r e p o r t e d  i n  t h e  l i t e r a t u r e  (10) i s  166 - 169 °C.
T r i s  ( D i p i v a l o y l m e t h a n a t o )  L u t e t i u m  ( I I I ) .
P u r i f i c a t i o n  by s u b l i m a t i o n  o f  the  cream c o lo r e d  
p r e c i p i t a t e  o b t a i n e d  i n  the  f i r s t  s t e p  o f  t h e  s y n t h e s i s  was 
pe r fo rmed  a t  170 - 172 °C. R e c r y s t a l l i z a t i o n  from hexane  gave a 
w h i t e  c r y s t a l l i n e  s o l i d  w h ich  m e l t e d  a t  173 - 174 °C. Th i s  
m e l t i n g  p o i n t  i s  i n  agreem en t  w i t h  t h a t  r e p o r t e d  i n  t h e  l i t e r a t u r e  
( 10).
T r i s  ( D i p i v a l o y l m e t h a n a t o )  Scandium ( I I I ) .
T h i s  compound i s  a cream c o l o r e d  p r e c i p i t a t e  when o b t a i n e d  
i n  the  f i r s t  s t e p  o f  t h e  s y n t h e s i s .  I t s  p u r i f i c a t i o n  by 
s u b l i m a t i o n  was pe r fo rmed  a t  144 - 146 °C. R e c r y s t a l l i z a t i o n  
from hexane  gave a cream c o lo r e d  c r y s t a l l i n e  s o l i d  which  m e l t e d  
a t  154 - 156 °C. M e l t i n g  p o i n t  r e p o r t e d  i n  the  l i t e r a t u r e  (10)  
i s  152 - 155 °C.
T r i s  ( D i p i v a l o y l m e t h a n a t o )  Y t t r i u m  ( I I I ) .
P u r i f i c a t i o n  by s u b l i m a t i o n  of  t h e  w h i t e  p r e c i p i t a t e  
o b t a i n e d  i n  t h e  f i r s t  s t e p  o f  t h e  s y n t h e s i s  was pe r fo rmed  a t  
174 - 176 °C.  R e c r y s t a l l i z a t i o n  from hexane  gave a w h i t e  c r y s t a l l i n e  
s o l i d  which  m e l t e d  a t  145 - 155 °C, and showed s i g n s  o f  t h e r m a l  
d e c o m p o s i t i o n .  The m e l t i n g  p o i n t  r e p o r t e d  i n  t h e  l i t e r a t u r e  (10)  
i s  169 - 172 .5  °C.
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TABLE V III
CHEMICAL ANALYSES OF THE PREPARED DIPIVALOYLMETHANE
CHELATES
Compound Found C a l c u l a t e d (*)
7»C 7.H %C %H
La(DPM) 57 .54 8 .43 57.55 8 .3 4
Ce(DPM)4 60 .48 8 .7 8 60.51 8 .79
Pr(DPM)3 57 .33 8 .3 4 57 .38 8 .3 2
Nd(DPM)3 57 .14 8.21 57.10 8 .2 8
Sm(DPM) 56 .65 8 .19 56.60 8 .21
Eu(DPM)3 56.53 8 .22 56.47 8 .19
Gd(DPM) 56 .12 8 .15 56 .08 8.13
Tb(DPM)3 55.87 8 .12 55 .90 8 .10
Dy(DPM)3 55 .68 8 .00 55 .64 8.07
Ho(DPM) 55 .46 7 .9 4 55.45 8 .03
Er(DPM) ^ 55 .13 8 .0 5 55 .28 8 .01
Tm(DPM) 55 .45 7 .9 2 55 .12 7 .9 9
Yb(DPM)3 55.40 7 .7 3 54.83 7 .9 5
Lu(DPM) 54 .6 4 7 .99 54 .68 7 .9 3
Sc(DPM) 66 .7  5 9 . 7 4 66 .64 9 .6 6
Y(DPM) 62 .25 8 .9 8 62 .05 8 .99
Th(DPM)^ 54 .85 7 .8 8 54.75 7 .9 4
Zr(DPM)^ 63 .62 9 .3 0 64 .09 9 .3 1
(*)  C a l c u l a t i o n s  were  made f o r  t h e  a nhyd rous  c h e l a t e .
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T e t r a k i s  ( D i p i v a l o y l m e t h a n a t o )  Thor ium ( IV ) .
P u r i f i c a t i o n  by s u b l i m a t i o n  o f  the  w h i t e  p r e c i p i t a t e  
o b t a i n e d  i n  t h e  f i r s t  s t e p  o f  t h e  s y n t h e s i s  was pe r fo rm ed  a t  
200 -  202 °C.  R e c r y s t a l l i z a t i o n  from hexane  gave w h i t e  r e c t a n g u l a r  
c r y s t a l s  which  m e l t e d  a t  308 - 310 °C.
T e t r a k i s  ( D i p i v a l o y l m e t h a n a t o )  Z i rc o n iu m  ( IV ) .
P u r i f i c a t i o n  by s u b l i m a t i o n  o f  t h e  o range  p r e c i p i t a t e  
o b t a i n e d  i n  t h e  f i r s t  s t e p  o f  t h e  s y n t h e s i s  was pe rfo rmed  a t  
180 -  182 °C.  R e c r y s t a l l i z a t i o n  from hexane gave an o range  
c r y s t a l l i n e  s o l i d  which  m e l t e d  a t  330 - 332 °C.
I t  i s  obv ious  from th e  r e s u l t s  t h a t  a r e  shown i n  Tab le  V I I I  
t h a t  the  d i p i v a l o y l m e t h a n a t e s  a r e  o b t a i n e d  a s  anhydrous  c h e l a t e s .
3 . -  S u b l i m a t i o n  A p p a r a tu s  and E x p e r i m e n t a l  P r o c e d u r e s .
I n  o r d e r  t o  a c h i e v e  f r a c t i o n a l  s u b l i m a t i o n s  a n d / o r  
s e p a r a t i o n s  of  t h e  a f o r e m e n t io n e d  c h e l a t e s ,  the  c o n t i n u o u s  t e m p e r a t u r e  
g r a d i e n t  s u b l i m a t o r  d e s ig n e d  by Berg and H a r t l a g e  (15)  was u s e d .
The s u b l i m a t o r  was m o d i f i e d  by a p p l y i n g  a 1 cm. t h i c k  l a y e r  of  
f i b e r  g l a s s  i n s u l a t i o n  to  t h e  a s b e s t o s  i n s u l a t e d  b r a s s  t u b e .
The p u rp o se  o f  t h i s  a d d i t i o n a l  i n s u l a t i o n  was t o  a v o id  sudden 
changes  o f  the  t e m p e r a t u r e  g r a d i e n t  due to  g u s t s  o f  w ind .  With 
t h e  a d d i t i o n a l  i n s u l a t i o n  t h e  t e m p e r a t u r e  g r a d i e n t  a lo n g  the
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s u b l i m a t o r  was n e a r l y  l i n e a r  ( s e e  F i g . l ) .
I t  was c o n s i d e r e d  o f  fun d am e n ta l  im p o r ta n c e  to  m a i n t a i n  
t h e  t e m p e r a t u r e  g r a d i e n t  as  c o n s t a n t  a s  p o s s i b l e ,  t o  min imize  a 
b r o a d e n i n g  o f  t h e  r e c r y s t a l l i z a t i o n  z one s  o f  the  c h e l a t e s .
As was done i n  t h e  work of  Berg and H a r t l a g e  ( 1 5 ) ,  a 
g l a s s  t u b e  was i n t r o d u c e d  i n  t h e  b r a s s  one t o  p r o v i d e  a removable  
r e c r y s t a l l i z a t i o n  s u r f a c e .  T h i s  g l a s s  t u b e  was s e l e c t e d  t o  f i t  
t h e  i n t e r n a l  s u r f a c e  o f  t h e  b r a s s  t u b e  as  p e r f e c t l y  a s  p o s s i b l e ,  
i n  o r d e r  t o  e s t a b l i s h  t h e  b e s t  t h e r m a l  c o n t a c t  be tw een  th e  g l a s s  
s u b l i m a t i o n  tu b e  and t h e  s u b l i m a t o r .  A p o w e r s t a t  was used t o  
r e g u l a t e  t h e  t e m p e r a t u r e  g r a d i e n t .  T h i s  i n s t r u m e n t  p e r m i t t e d  one 
t o  r e g u l a t e  the  v o l t a g e  a p p l i e d  t o  t h e  h e a t i n g  e le m en t  s u r r o u n d i n g  
t h e  b r a s s  t u b e ,  and i n  con s eq u e n c e ,  t h e  amount o f  e n e r g y  i n t r o d u c e d  
t o  the  s y s te m  and t h e  t e m p e r a t u r e .  The t e m p e r a t u r e  g r a d i e n t s  o b t a i n e d  
under  t h e s e  c o n d i t i o n s  a r e  r e p r o d u c i b l e  and c o n s t a n t  f o r  a g iv e n  
p o s i t i o n  o f  t h e  p o w e r s t a t  ( g i v e n  a p p l i e d  v o l t a g e ) .
Some o f  t h e  t e m p e r a t u r e  g r a d i e n t s  most  used i n  t h i s  work 
a r e  found i n  t h e  F i g . l .
The sample ( p u re  c h e l a t e  or  m i x t u r e  of  c h e l a t e s )  was 
p l a c e d  i n  a sm a l l  g l a s s  b o a t .  Th i s  b o a t  was p l a c e d  i n  t h e  h i g h e r  
t e m p e r a t u r e  end o f  t h e  g l a s s  tube  and t h e n  the  sample was 
v o l a t i l i z e d  unde r  a s e t  o f  e x p e r i m e n t a l  c o n d i t i o n s  t o  be s p e c i f i e d  









Length o f Tube
Figure 1 . Some Temperature Gradients used in  F ractional 
Sublim ations
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The v o l a t i l i z e d  s u b s t a n c e s  were moved th r o u g h  t h e  g l a s s  
t u b e  w i t h  d r y ,  d eoxygena ted  n i t r o g e n  a s  a c a r r i e r  g a s .  To de oxyge na te  
t h e  d r y  commerical  n i t r o g e n ,  t h e  method s u g g e s t e d  by M e i t e s  and 
M e i t e s  was used ( 3 6 ) .  These a u t h o r s  p roposed  t h e  use  o f  vanadous  
s u l f a t e  i n  d i l u t e  s u l f u r i c  a c i d  s o l u t i o n  i n  t h e  p r e s e n c e  of  
amalgamated z i n c  as  a s t r o n g  r e d u c i n g  a g e n t  t o  e l i m i n a t e  t h e  oxygen 
f rom g a seous  s t r e a m s .  The gas  c o n t a i n i n g  oxygen a s  an  i m p u r i t y  
was bubb led  th r o u g h  t h e  s o l u t i o n .
The m e t a l  c h e l a t e s  r e c r y s t a l l i z e d  on t h e  w a l l s  o f  t h e  
g l a s s  t u b e  i n  d i s c r e t e  and r e p r o d u c i b l e  t e m p e r a t u r e  z o n e s .
When th e  e x p e r i m e n t  was c o m ple te d ,  t h e  g l a s s  t u b e  was 
removed,  t h e  r e c r y s t a l l i z a t i o n  t e m p e r a t u r e  zones  were measured and ,  
when n e c e s s a r y ,  t h e  c h e l a t e  was r e c o v e r e d .
The s e t  o f  e x p e r i m e n t a l  c o n d i t i o n s  f o r  f r a c t i o n a l  
s u b l i m a t i o n s  used  f o r  e a ch  t y p e  o f  c h e l a t e  were t h e  f o l l o w i n g :
a) A c e t y l a c e t o n a t e s :
Sample s i z e  : 5 - 6 mg
P r e s s u r e  : 1 mm Hg
T em pera tu re  G r a d i e n t  : 50 - 150 °C
Time : 2 ho u r s
C a r r i e r  Gas : S u c c e s s i v e l y  am b ien t  a i r ,  d r y  a i r
and f i n a l l y  d r y  de oxyge na te d  n i t r o g e n  were used b e c a u s e  o f  t h e
p r o p e r t i e s  o f  t h e  compounds.  Only w i t h  t h e  de oxyge na te d  n i t r o g e n  
was i t  p o s s i b l e  t o  o b t a i n  p o s i t i v e  r e s u l t s .
b) T r i f l u o r o a c e t y l a c e t o n a t e s :
Sample s i z e  : 5 - 6  mg.
P r e s s u r e  : 1 mm Hg
C a r r i e r  Gas : Dry, d e o xyge na te d  n i t r o g e n
T e m pera tu re  G r a d i e n t  : 50 - 150 °C
Time : 2 h o u r s
c) H e x a f l u o r o a c e t y l a c e t o n a t e s :
C o n s i d e r i n g  t h e  a p p r e c i a b l e  v o l a t i l i t y  shown by 
t h e s e  c h e l a t e s ,  s u b l i m a t i o n s  were pe r fo rm ed  unde r  two s e t s  of  
c o n d i t i o n s :
1) Vacuum S u b l i m a t i o n s ;
Sample s i z e  : 5 - 6  mg.
P r e s s u r e  : 1 mm Hg
C a r r i e r  gas  : Dry ,  d e oxyge na te d  n i t r o g e n
T e m pera tu re  G r a d i e n t  : 50 - 150 °C
Time : 2 h o u r s
2) Normal a t m o s p h e r i c  p r e s s u r e  s u b l i m a t i o n s :
Sample s i z e  : 5 - 6  mg.
P r e s s u r e  : 1 a tm.
C a r r i e r  gas  : Dry,  d e oxyge na te d  n i t r o g e n
Gas f low r a t e  : 4 ml/min
Te m pera tu re  g r a d i e n t  : 50 - 150 °C
Time : 2 h o u r s
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d) D i p i v a l o y l m e t h a n a t e s :
Sample s i z e  : 5 - 6  mg.
P r e s s u r e  : 1 mm Hg
C a r r i e r  gas  : Dry, deoxygena ted  n i t r o g e n
T em pera tu re  g r a d i e n t  : 60 - 190 °C
Time : 2 ho u r s
"Tem pera tu re  z o n e s "  o r ' S u b l i m a t i o n  r e c r y s t a l l i z a t i o n  
z o n e s "  a r e  d e f i n e d  a s  t h a t  t e m p e r a t u r e  r ange  o r  l e n g t h  o f  t h e  g l a s s  
s u b l i m a t i o n  tu b e  i n  w h ic h  t h e  sub l im ed  p r o d u c t  r e c r y s t a l l i z e d .
Now, i f  t h e  t e m p e r a t u r e  g r a d i e n t  a lo n g  th e  t u b e  i s  known, and i f  
t h e  d i s t a n c e  t h e  s u b l i m a t e  moves down t h e  tube  i s  m easu red ,  t h e n
the  s u b l i m a t i o n  r e c r y s t a l l i z a t i o n  zone i s  e a s i l y  d e t e r m i n e d .  T h i s
" zone "  i s  c h a r a c t e r i s t i c  o f  t h e  c h e l a t e  under  i n v e s t i g a t i o n  and i s  
s p e c i f i e d  by two t e m p e r a t u r e s ,  one f o r  t h e  l e a d i n g  edge o f  t h e  zone ,  
and one f o r  t h e  t r a i l i n g  edge o f  t h e  zone .
4 . -  O th e r  I n s t r u m e n t s  used  f o r  I m p o r t a n t  D e t e r m i n a t i o n s .
a )  M e l t i n g  P o i n t s .
A Thomas Hoover  " U n im e l t "  C a p i l l a r y  M e l t i n g  P o i n t  A p p a r a tu s  
( A r t h u r  H. Thomas) was used  t o  g e t  t h e  m e l t i n g  p o i n t  o f  t h e  d i f f e r e n t  
compounds p r e p a r e d  and c h a r a c t e r i z e d  i n  t h i s  work.
b) T h e r m o g r a v i m e t r i c  A n a l y s e s .
A Dupont  model  950 T h e r m o g r a v i m e t r i c  A n a l y z e r  was used f o r
II
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t h e s e  a n a l y s e s .
I n  each  a n a l y s i s  t h e  f o l l o w i n g  s e t  o f  e x p e r i m e n t a l  c o n d i t i o n s
was u se d :
Amount of  sample : 1 0 - 1 1  mg.
H e a t in g  r a t e  : 10 °C/min .
T em pera tu re  l i m i t s  : Ambient  t e m p e r a t u r e  t o  500 °C
Every  a n a l y s i s  was r u n  i n  a n i t r o g e n  a tm osphe re  t o  e l i m i n a t e  
o x i d a t i o n  i n t e r f e r e n c e s .
c) I n f r a r e d  S p e c t r a .
The i n f r a r e d  s p e c t r a  were o b t a i n e d  w i t h  t h e  f o l l o w i n g  
t y p e s  o f  IR S p e c t r o p h o t o m e t e r s :
P e r k i n  Elmer Model 137 ( I n f r a c o r d )
Beckman Model IR-5  
P e r k i n  Elmer Model 21 
Beckman Model IR-7
d)  U l t r a v i o l e t  S p e c t r a
The u l t r a v i o l e t  s p e c t r a  were measured  on a Beckman Model DK 




1. Vacuum F r a c t i o n a l  S u b l i m a t i o n s .
a)  L a n t h a n i d e  A c e t y l a c e t o n a t e s .
None of  t h e  l a n t h a n i d e  a c e t y l a c e t o n a t e s ,  w i t h  the  e x c e p t i o n  
o f  the  l an thanum  c h e l a t e ,  showed any  v o l a t i l i t y .  In  t h e  case  of  
l an thanum ,  a v e r y  sm a l l  amount o f  c h e l a t e  was o b s e rv e d  a s  a w e l l  
d e f i n e d  s u b l i m a t i o n  r e c r y s t a l l i z a t i o n  zone on t h e  w a l l  o f  t h e  g l a s s  
t u b e  o f  t h e  s u b l i m a t o r ,  The amount o f  r e c r y s t a l l i z e d  s u b s t a n c e  
was t o o  s m a l l  t o  have a n a l y t i c a l  s i g n i f i c a n c e .
O t h e r  e x p e r i m e n t a l  s e t s  o f  c o n d i t i o n s ,  d i f f e r e n t  f rom 
t h o s e  d e s c r i b e d  p r e v i o u s l y ,  were used i n  an e f f o r t  t o  improve th e  
y i e l d  of  v o l a t i l i z e d  l an thanum  c h e l a t e .  Lower t e m p e r a t u r e  g r a d i e n t s ,  
l ower  p r e s s u r e s  and l o n g e r  t im e s  of  s u b l i m a t i o n  were t r i e d  b u t  t o  
no a v a i l .  I n  n o t  one o f  t h e s e  c a s e s  was enhanced  v o l a t i l i t y  
o b s e r v e d .
The r e s i d u e  t h a t  remained  i n  t h e  sample h o l d e r  a ppe a re d  
t o  be b a d l y  decomposed.  Ap. a p p r e c i a b l e  r e d u c t i o n  i n  w e i g h t  was 
o b s e rv e d  and the  c o l o r  o f  t h e  sample,  u s u a l l y  t u r n e d  a lm o s t  b l a c k  
p r o b a b l y  due t o  t h e  p r e s e n c e  of  c a rb o n  i n  t h e  e l e m e n t a l  s t a t e .
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b)  Scandium A c e t y l a c e t o n a t e .
T h i s  c h e l a t e  p o s s e s s e d  a good th e r m a l  s t a b i l i t y  and showed 
c o m p l e te  v o l a t i l i t y .  No r e s i d u e  remained  i n  t h e  sample b o a t .
A s i n g l e  s u b l i m a t i o n  r e c r y s t a l l i z a t i o n  zone was o b t a i n e d  which 
c o n s i s t e d  o f  w h i t e  c r y s t a l s  o f  d e c r e a s i n g  s i z e  a t  77 - 52 °C.
c) Y t t r i u m  A c e t y l a c e t o n a t e .
T h i s  c h e l a t e ,  l i k e  t h e  l a n t h a n i d e  c h e l a t e s ,  d i d  no t  
s u b l i m e .  I t  decomposed c o m p l e t e l y  under  t h e  e x p e r i m e n t a l  c o n d i t i o n s .
d)  Urany l  A c e t y l a c e t o n a t e .
A w e l l  d e f i n e d  s u b l i m a t i o n  r e c r y s t a l l i z a t i o n  zone of  ye l lo w  
c r y s t a l s  a t  146 - 114 °C was o b t a i n e d .  T h i s  compound was a lm o s t  
c o m p l e t e l y  v o l a t i l e .  The r e s i d u e  t h a t  r em ained  i n  t h e  sample h o l d e r  
d i d  no t  excede  37. of  t h e  amount o f  t h e  o r i g i n a l  sample .
e)  Uranium A c e t y l a c e t o n a t e .
I n  t h i s  c a s e ,  i t  was n e c e s s a r y  t o  be e x t r e m e l y  c a r e f u l  
w i t h  r e s p e c t  t o  t h e  e x c l u s i o n  o f  oxygen i n  t h e  s u b l i m a t i o n  sys tem  
and c a r r i e r  g a s ,  t o  e l i m i n a t e  t h e  p o s s i b i l i t y  o f  o x i d a t i o n  o f  t h e  
u ran ium  (IV) c h e l a t e  t o  t h e  c o r r e s p o n d i n g  u r a n y l  compound.
Under c a r e f u l l y  c o n t r o l l e d  c o n d i t i o n s  t h e  c h e l a t e  sub l imed  
i n  a y i e l d  s u p e r i o r  t o  907. o f  t h e  o r i g i n a l  amount o f  sample used 
i n  the  e x p e r i m e n t .  I t  was o b t a i n e d  a s  a w e l l  d e f i n e d  s u b l i m a t i o n  
r e c r y s t a l l i z a t i o n  zone o f  g r e e n  c r y s t a l s  a t  129 - 92 °C. As u s u a l ,
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t h e  g r e e n  c r y s t a l s  t u r n e d  y e l l o w  a s  soon a s  t h e y  were i n  c o n t a c t  
w i t h  oxygen o f  ambien t  a i r .
f )  Thor ium A c e t y l a c e t o n a t e .
T h i s  compound p o s s e s s e d  a v e r y  good t h e r m a l  s t a b i l i t y
and v o l a t i l i t y .  I t  was o b t a i n e d  as  a w e l l  d e f i n e d  s u b l i m a t i o n
r e c r y s t a l l i z a t i o n  z one ,  formed by w h i t e  c r y s t a l s ,  a t  134 - 82 °C.
The v o l a t i l i t y  of  t h i s  c h e l a t e  a pp roached  957., o f  t h e  amount used 
i n  t h e  e x p e r i m e n t .
S in c e  t h e  a v a i l a b l e  commerc ial  compound d i f f e r e d  i n  c o l o r  
f rom th e  sub l im ed  s u b s t a n c e ,  i t  was c o n s i d e r e d  of  i n t e r e s t  t o  t a k e  
t h e  m e l t i n g  p o i n t  o f  t h e  s u b s t a n c e  o b t a i n e d  by s u b l i m a t i o n .  The 
m e l t i n g  p o i n t  was 172 °C and c o r r e s p o n d e d  t o  t h e  m e l t i n g  p o i n t  
r e p o r t e d  i n  t h e  l i t e r a t u r e  ( 3 7 ) ,  170 .8  - 171 °C.
An a p p r o p r i a t e  g r a p h i c a l  r e p r e s e n t a t i o n  o f  the  s u b l i m a t i o n  
r e c r y s t a l l i z a t i o n  zones  f o r  t h e  scand ium, u r a n y l ,  u r an iu m  and t h o r i u m  
c h e l a t e s  i s  shown i n  F i g . 2.
B. TRIFLUOROACETYLACETONATE S.
1.  T h e r m o g r a v i m e t r i c  D e t e r m i n a t i o n s .
a)  L a n t h a n i d e  T r i f l u o r o a c e t y l a c e t o n a t e s .
Of t h e  f o u r t e e n  c h e l a t e s  which  form t h i s  g ro u p ,  o n l y  t h o s e  
from l an tha num  th r o u g h  holmium showed any  s i g n i f i c a ' n t  t h e r m a l
Figure 2 . Sublimation R ecry sta lliza tio n  Temperatures for  some 
Acetylacetone Chelates
—!------------------------------------------ 1 1 1----
S o  100 1 S 0  200 °c
Temperature O^J
44
s t a b i l i t y .  Dur ing  th e  h e a t i n g  p r o c e s s ,  t h e y  decomposed and a c c o r d i n g
t o  t h e  amount l e f t  a s  r e s i d u e  on th e  sample h o l d e r  o f  t h e  t h e r m o g r a v i m e t r i c
a n a l y z e r ,  t h e  d e c p m p o s i t i o n  was v e r y  e x t e n s i v e .  The amount t h a t
d i d  no t  decompose,  v o l a t i l i z e d .  Every  thermogram showed f i r s t  a
l o s s  i n  w e i g h t  a t  75 - 125 °C, which  was a t t r i b u t e d  to  t h e  e l i m i n a t i o n
of  w a t e r .  Then, a m a jo r  l o s s  i n  w e i g h t  was o b se rve d  be tw een  200 - 350 °C.
T h i s  l o s s  i n  w e i g h t  c o r r e s p o n d e d  t o  a sm a l l  amount o f  v o l a t i l i z a t i o n
b u t  p r i m a r i l y  t o  d e c o m p o s i t i o n  o f  the  c h e l a t e .
The c h e l a t e s  f rom e rb ium  th r o u g h  l u t e t i u m  decomposed 
c o m p l e t e l y .  No v o l a t i l i z a t i o n  was o b s e r v e d .
b)  Scandium T r i f l u o r o a c e t y l a c e t o n a t e .
Under t h e  e x p e r i m e n t a l  c o n d i t i o n s  t h e  compound showed a 
p a r t i a l  t h e r m a l  s t a b i l i t y .  The compound was v o l a t i l e .  I t  v o l a t i l i z e d  
i n  a y i e l d  of  65% o f  t h e  o r i g i n a l  amount o f  the  sample .
c) Y t t r i u m  T r i f l u o r o a c e t y l a c e t o n a t e .
T h i s  c h e l a t e  decomposed c o m p l e t e l y .  No v o l a t i l i t y  was
o b s e r v e d .
d) Thorium T r i f l u o r o a c e t y l a c e t o n a t e .
T h i s  c h e l a t e  showed a good t h e r m a l  s t a b i l i t y  and was 
c o m p l e t e l y  v o l a t i l e .  No r e s i d u e  was o b s e rv e d  on th e  sample h o l d e r  
of  t h e  t h e r m o g r a v i m e t r i c  a n a l y z e r .
e) Urany l  T r i f l u o r o a c e t y l a c e t o n a t e .
T h i s  compound showed a v e r y  l i m i t e d  t h e r m a l  s t a b i l i t y .
On th e  b a s i s  o f  t h e  w e i g h t  o f  t h e  r e s i d u e  l e f t  i n  t h e  sample h o l d e r ,  
i t  was c a l c u l a t e d  t h a t  t h e  d e c o m p o s i t i o n  r u n s  up t o  957..
45
2. Vacuum F r a c t i o n a l  S u b l i m a t i o n s .
a )  L a n t h a n i d e  T r i f l u o r o a c e t y l a c e t o n a t e s .
The c h e l a t e s  f rom lan thanum  th r o u g h  holmium, showed some 
v o l a t i l i t y .  The r e s i d u e  t h a t  remained  i n  the  sample h o l d e r  o f  t h e  
f r a c t i o n a l  s u b l i m a t o r  was a bundan t  and showed s i g n s  o f  e x t e n s i v e  
d e c o m p o s i t i o n .
U s u a l l y ,  a r e l a t i v e l y  l ong  s u b l i m a t i o n  r e c r y s t a l l i z a t i o n  
zone of  sm a l l  c r y s t a l s  was o b t a i n e d  which  cou ld  be d i v i d e d  i n t o  
two c o n s e c u t i v e  p o r t i o n s .  The h i g h  t e m p e r a t u r e  p o r t i o n  o f  t h e  zone 
c o n t a i n e d  t h e  m a jo r  p a r t  of  the  r e c r y s t a l l i z e d  s u b s t a n c e .  The low 
t e m p e r a t u r e  p o r t i o n  of  t h e  zone u s u a l l y  was much l e s s  i n t e n s e  t h a n  
th e  h i g h  t e m p e r a t u r e  p o r t i o n  and i t  was v e r y  d i f f i c u l t  t o  d e t e r m i n e  
where i t  e nded .  For  c l a r i t y ,  t h e s e  two p o r t i o n s  a r e  r e p o r t e d  as  
s t r o n g  and weak zones  r e s p e c t i v e l y  w i t h  t h e i r  c o r r e s p o n d i n g  
r e c r y s t a l l i z a t i o n  t e m p e r a t u r e s .
The k in d  o r  n a t u r e  o f  s u r f a c e  t h a t  was a v a i l a b l e  on which 
t h e  ga seous  m o l e c u l e s  r e c r y s t a l l i z e d ,  seemed to  be q u i t e  i m p o r t a n t  
w i t h  r e s p e c t  t o  the  a p p e a r a n c e  of  t h e  s u b l i m a t i o n  r e c r y s t a l l i z a t i o n  
z o n e .
I t  was o b s e r v e d ,  f o r  example,  t h a t  any k in d  o f  e x t r a n e o u s  
s u b s t a n c e  d e p o s i t e d  on t h e  w a l l  of  t h e  g l a s s  t u b e  was i t s e l f  a 
p r e f e r e d  s i t e  f o r  r e c r y s t a l l i z a t i o n .  Thus,  i f  p r e v i o u s l y  used 
t u b e s  were n o t  p e r f e c t l y  washed and t h r o u g h l y  r i n s e d  w i t h  p l e n t y
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o f  w a t e r  and a l c o h o l ,  t h e  gaseous  m o le c u le s  showed a marked t e n d e n c y  
t o  fo rm c r y s t a l s  on th e  v e r y  same p l a c e  where d ro p s  of  w a t e r  or  
s o l v e n t  c o n t a i n i n g  some i m p u r i t y  had d r i e d .  Th i s  phenomenon s u g g e s t s  
t o  us  t h a t  e l e c t r o s t a t i c  f o r c e s  of  o p p o s i t e  s i g n  a r e  somehow g e n e r a t e d  
on the  gaseous  m o le c u le s  and r e c r y s t a l l i z a t i o n  s i t e s .
The s u b l i m a t i o n  r e c r y s t a l l i z a t i o n  t e m p e r a t u r e s  f o r  the  
c h e l a t e s  f rom lan thanum  th r o u g h  holmium a r e  r e p o r t e d  i n  Tab le  IX.
No s u b l i m a t i o n  was obse rved  w i t h  the  c h e l a t e s  f rom e rb ium  
th r o u g h  l u t e t i u m .  A g r e a t  amount of  d e c o m p o s i t i o n  p r o d u c t s  could 
be obse rved  i n  the  r e s i d u e  l e f t  i n  t h e  sample h o l d e r .
b)  Scandium T r i f l u o r o a c e t y l a c e t o n a t e .
Th i s  c h e l a t e  showed a l im ited  v o l a t i l i t y .  An a p p r e c i a b l e  
r e s i d u e  remained i n  t h e  sample h o l d e r .  A s i n g l e  s u b l i m a t i o n  
r e c r y s t a l l i z a t i o n  zone was o b t a i n e d ,  formed by b e a u t i f u l  and 
r e l a t i v e l y  b i g  c r y s t a l s  a t  52 - 30 °C.
c) Y t t r i u m  T r i f l u o r o a c e t y l a c e t o n a t e .
T h i s  compound d id  no t  show any v o l a t i l i t y ,  i t  decomposed 
t o t a l l y ,  t h u s  be h a v in g  s i m i l a r l y  t o  t h e  h e a v i e r  l a n t h a n i d e  c h e l a t e s .
d) Thorium T r i f l u o r o a c e t y l a c e t o n a t e .
The t h o r i u m  c h e l a t e  was c o m p l e t e l y  v o l a t i l e .  A s i n g l e  
s u b l i m a t i o n  r e c r y s t a l l i z a t i o n  zone o f  w e l l  formed c r y s t a l s  was 
o b t a i n e d  a t  74 - 50 °C.
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TABLE IX
SUBLIMATION RECRYSTALLIZATION TEMPERATURES FOR SOME 
LANTHANIDE TRIFLUOROACETYLACETONATES
Compound S u b l i m a t i o n  R e c r y s t a l l i z a t i o n  T e m p era tu re s
_______________________________S t r o n g  Zone °C______________Weak Zone °C
La(TFAA)3 123-111 111-93










e) Urany l  T r i f l u o r o a c e t y l a c e t o n a t e .
T h i s  c h e l a t e  underwent  i n t e n s i v e  d e c o m p o s i t i o n ,  A long  
y e l lo w  s u b l i m a t i o n  r e c r y s t a l l i z a t i o n  zone c o n s i s t i n g  of  v e r y  sm a l l  
c r y s t a l s  was o b se rve d  a t  139 - 56 °C.
A g r a p h i c a l  r e p r e s e n t a t i o n  o f  the  s u b l i m a t i o n  r e c r y s t a l l i z a t i o n  
t e m p e r a t u r e s  f o r  a l l  t h e  t r i f l u o r o a c e t y l a c . e t o n a t e s  which showed 
some v o l a t i l i t y  i s  shown i n  F i g . 3. For  t h e  ca se  o f  t h o s e  c h e l a t e s  
where t h e  s u b l i m a t i o n  r e c r y s t a l l i z a t i o n  zone was d i v i d e d  i n t o  two 
c o n s e c u t i v e  p o r t i o n s ,  t h e  s t r o n g  zone i s  shown as  a t h i c k e r  l i n e .
Co HEXAFLUOROACETYLACETONATES.
1. T h e r m o g r a v i m e t r i c  D e t e r m i n a t i  ons .
a)  L a n t h a n i d e  H e x a f l u o r o a c e t y l a c e t o n a t e s .
In  t h e  c a se  o f  t h e s e  l a n t h a n i d e  c h e l a t e s ,  t h e  r e s u l t s  
o f  t h e  t h e r m o g r a v i m e t r i c  a n a l y s e s  a lw ays  were v e r y  s i m i l a r .  In  
e v e r y  c ase  e x c e p t  the  c e r iu m  c h e l a t e ,  t h e y  showed v e r y  good t h e r m a l  
s t a b i l i t y  and a l s o  v e r y  good v o l a t i l i t y .  Dur ing  th e  h e a t i n g  p r o c e s s ,  
t h e  compound d id  not  show any  v a r i a t i o n  of  w e i g h t  u n t i l  a t e m p e r a t u r e  
around  100 °C was a t t a i n e d .  Then,  a t  a n e a r  c o n s t a n t  r a t e ,  the  
w e i g h t  d i m i n i s h e d  t o  z e r o  o r  n e a r l y  z e r o .  A f a m i l y  o f  t y p i c a l  
c u r v e s  t h a t  r e f l e c t s  t h i s  k in d  of  b e h a v i o r  i s  shown i n  F i g .  4.
Assuming the d e g r e e  of  h y d r a t i o n  f o r  e a c h  c h e l a t e  as  
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t h a t  t h e  r e s i d u e  l e f t  i n  t h e  sample h o l d e r  of  t h e  t h e r m o g r a v i m e t r i c  
a n a l y z e r  a f t e r  t h e  e xpe r im e n t  i s  a pure  l a n t h a n i d e  o x i d e ,  i t  i s  p o s s i b l e  
t o  c a l c u l a t e  t h e  amount of  smaple t h a t  decomposes and by d i f f e r e n c e  
t h e  p e r c e n t a g e  o f  v o l a t i l i t y .  The n u m e r i c a l  r e s u l t s  of  t h e s e  
c a l c u l a t i o n s  a r e  shown i n  Tab le  X.
b) Scandium H e x a f l u o r o a c e t y l a c e t o n a t e .
Th i s  compound d id  n o t  show a good t h e r m a l  s t a b i l i t y .
A c c o rd ing  t o  t h e  amount of  r e s i d u e  l e f t  i n  t h e  sample h o l d e r  of  
t h e  i n s t r u m e n t ,  and making th e  same a s s u m p t io n s  made i n  t h e  case  
o f  the  l a n t h a n i d e s ,  59„007o o f  the  c h e l a t e  decomposed.
c) Y t t r i u m  H e f l u o r o a c e t y l a c e t o n a t e .
The y t t r i u m  c h e l a t e  behaved a l i t t l e  b e t t e r ,  on ly  
18.30% decomposed.
d) Thorium H e x a f l u o r o a c e t y l a c e t o n a t e .
T h i s  c h e l a t e  showed a good th e r m a l  s t a b i l i t y  and comple te  
v o l a t i l i t y .  No r e s i d u e  was l e f t  i n  t h e  sample h o l d e r  o f  the  
i n s t r u m e n t .
2. F r a c t i o n a l  S u b l i m a t i o n s .
A) Vacuum F r a c t i o n a l  S u b l i m a t i o n s .
a)  L a n t h a n i d e  H e x a f l u o r o a c e t v i a c e t o n a t e s .
With t h e  o n ly  e x c e p t i o n  b e i n g  th e  ce r ium  complex,  the  
l a n t h a n i d e  c h e l a t e s  showed t o t a l  v o l a t i l i t y  and good t h e r m a l
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TABLE X
DEGREE OF VOLATILITY OF THE LANTHANIDE HEXAFLUOROACETYLACETONATES 
UNDER NORMAL ATMOSPHERIC PRESSURE
Compound % D ecom pos i t ion % V o l a t i l i t y
La(HFAA)3 38 .00 62 .00
Ce(HFAA)3 96 .0 0 4 .0 0
Pr(HFAA)3 38 .4 0 61.60
Nd(HFAA)3 36 .40 63 .60
Sm(HFAA)3 63 .70 36 .30
Eu (HFAA)3 100 .00
Gd(HFAA) 17 .10 82 .90
Tb(HFAA) 17 .20 82 .80
Dy(HFAA) 11 .50 88 .50
Ho(HFAA) 100 .00
Er(HFAA) 8 .3 0 91 .70
Tm(HFAA) 8 .20 91 .80
Yb(HFAA) - - 100 .00
Lu (HFAA)3 100 .0 0
U
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s t a b i l i t y  u nde r  t h e  e x p e r i m e n t a l  c o n d i t i o n s  used  i n  t h e s e  s u b l i m a t i o n s .  
U s u a l l y  no r e s i d u e  was l e f t  i n  t h e  sample h o l d e r  o f  t h e  s u b l i m a t o r .
I f  a r e s i d u e  d i d  o c c u r ,  i t  was v i s i b l e  a s  an o p a l e s c e n c e  and no t  
d e t e c t e d  by t h e  b a l a n c e .  In  g e n e r a l ,  a r e l a t i v e l y  b road  s u b l i m a t i o n  
r e c r y s t a l l i z a t i o n  zone was o b t a i n e d ,  formed by sm a l l  c r y s t a l s  of  
d e c r e a s i n g  s i z e  toward th e  c o o l e r  zone of  t h e  s u b l i m a t o r .
The zone was v e r y  sh a rp  a t  i t s  h i g h  t e m p e r a t u r e  end bu t  
v e r y  o f t e n  i t  was n o t  p o s s i b l e  t o  d e t e r m i n e  w i t h  a c c u r a c y  th e  low 
t e m p e r a t u r e  end o f  t h e  zone b e c au s e  o f  i t s  d i f f u s e  c h a r a c t e r .
I n  some c a s e s ,  s m a l l  d ro p s  o f  a l i q u i d  were d e t e c t a b l e  
i n  the  r e c r y s t a l l i z a t i o n  zone ,  w i t h  a m ic r o s c o p e .  T h i s  l i q u i d  
p r o b a b l y  was a p r o d u c t  of  t h e  t h e r m a l  d e c o m p o s i t i o n  o f  t h e  c h e l a t e .
T h i s  d e c o m p o s i t i o n  must  have t a k e n  p l a c e  i n  t h e  ga seous  phase  
b e c a u s e  of  t h e  a b s en c e  of  d e t e c t a b l e  r e s i d u e  i n  t h e  sample h o l d e r .
The s u b l i m a t i o n  r e c r y s t a l l i z a t i o n  t e m p e r a t u r e s  de te r m in e d  
f o r  t h e  f o u r t e e n  h e x a f l u o r o a c e t y l a c e t o n a t e s  a r e  shown i n  Tab le  XI.
b)  Scandium H e x a f l u o r o a c e t y l a c e t o n a t e .
As was t o  be e x p e c t e d  from th e  r e s u l t  o f  t h e  t h e r m o g r a v i m e t r i c  
a n a l y s i s ,  t h i s  compound showed a v e r y  l i m i t e d  v o l a t i l i t y .  I t  seems, 
i n  f a c t ,  t h a t  i n  t h i s  c a se  t h e  amount o f  r e s i d u e  l e f t  i n  t h e  sample 
h o l d e r  i n c r e a s e d  under  vacuum c o n d i t i o n s .
A v e r y  weak s u b l i m a t i o n  r e c r y s t a l l i z a t i o n  zone was found 
a t  47 - 40 °C.
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TABLE XI
VACUUM SUBLIMATION RECRYSTALLIZATION TEMPERATURES 
FOR THE LANTHANIDE HEXAELUOROACETYLACETONATES
















c) Y t t r i u m  H e x a f l u o r o a c e t y l a c e t o n a t e .
T h i s  compound showed a v o l a t i l i t y  v e r y  s i m i l a r  t o  t h a t  
shown by t h e  h e a v i e r  l a n t h a n i d e  c h e l a t e .  A s u b l i m a t i o n  r e c r y s t a l l i z a t i o n  
zone o f  s m a l l  c r y s t a l s  was o b t a i n e d  a t  80 - 40 °C.
d) Thor ium H e x a f l u o r o a c e t y l a c e t o n a t e .
As e x p e c t e d ,  t h i s  compound was c o m p l e t e l y  v o l a t i l e .  A 
r e l a t i v e l y  s h a rp  s u b l i m a t i o n  r e c r y s t a l l i z a t i o n  zone of  w e l l  formed 
c r y s t a l s  a t  55 - 44 °C was o b t a i n e d .
A d i a g r a m  o f  t h e  s u b l i m a t i o n  r e c r y s t a l l i z a t i o n  t e m p e r a t u r e s
f o r  a l l  t h e  h e x a f l u o r o a c e t y l a c e t o n a t e s  unde r  vacuum c o n d i t i o n s  i s  
shown i n  F i g . 5.
B) Normal A tm o sp h e r ic  P r e s s u r e  F r a c t i o n a l  S u b l i m a t i o n s .
a) L a n t h a n i d e  H e x a f l u o r o a c e t y l a c e t o n a t e s .
As e x p e c t e d ,  t h e  r e s u l t s  f o r  f r a c t i o n a l  s u b l i m a t i o n s
u n d e r  normal  a t m o s p h e r i c  p r e s s u r e  were v e r y  s i m i l a r  t o  t h o s e
o b t a i n e d  i n  t h e  t h e r m o g r a v i m e t r i c  a n a l y s e s  ( r e f e r  t o  T a b le  X).
The c e r iu m  c h e l a t e  showed a lm o s t  no v o l a t i l i t y .  A v e r y  s m a l l  
v o l a t i l i t y  was shown by t h e  samarium c h e l a t e .
A g r e a t e r  v o l a t i l i t y  was shown by t h e  l an thanum , 
praseodymium, neodymium, gado lyn ium  and t e r b i u m  h e x a f l u o r o a c e t y l a c e t o n a t e s .  
A good v o l a t i l i t y  was found f o r  the  d y s p ro s iu m ,  e rb ium  and t h u l i u m  


























Figure 5 . Sublimation R ecry sta lliza tio n  









o f  europ ium,  holmium, y t e r b i u m  and l u t e t i u m  were c o m p l e t e l y  v o l a t i l e .
The s u b l i m a t i o n  r e c r y s t a l l i z a t i o n  t e m p e r a t u r e s  f o r  t h e  
l a n t h a n i d e  h e x a f l u o r o a c e t y l a c e t o n a t e s  unde r  normal  a t m o s p h e r i c  
p r e s s u r e  a r e  shown i n  Tab le  X I I .
b) Scandium H e x a f l u o r o a c e t y l a c e t o n a t e .
The v o l a t i l i t y  o f  t h i s  compound was s m a l l .  The amount 
o f  r e s i d u e  l e f t  i n  t h e  sample h o l d e r  of  t h e  s u b l i m a t o r  i n d i c a t e d  
t h a t  t h e  d e g r e e  o f  d e c o m p o s i t i o n  was h i g h .  A v e r y  weak s u b l i m a t i o n  
r e c r y s t a l l i z a t i o n  zone formed by s m a l l  c r y s t a l s  was o b s e rv e d  a t  
103 - 65 °C.
c) Y t t r i u m  H e x a f l u o r o a c e t y l a c e t o n a t e .
T h i s  c h e l a t e  behaved q u i t e  s i m i l a r l y  t o  t h e  l a n t h a n i d e  
c h e l a t e s .  I t  p a r t i a l l y  decomposed.  A r e l a t i v e l y  s t r o n g  s u b l i m a t i o n  
r e c r y s t a l l i z a t i o n  zone was o b t a i n e d  a t  125 - 95 °C.
d) Thor ium H e x a f l u o r o a c e t y l a c e t o n a t e .
T h i s  compound e x h i b i t e d  a comple te  v o l a t i l i t y .  No 
r e s i d u e  was o b se rve d  i n  t h e  sample h o l d e r  of  t h e  s u b l i m a t o r .  A 
s u b l i m a t i o n  r e c r y s t a l l i z a t i o n  zone ,  formed by r e l a t i v e l y  l a r g e  
c r y s t a l s  was found  a t  103 - 48 °C.
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TABLE X II
SUBLIMATION RECRYSTALLIZATION TEMPERATURES FOR THE LANTHANIDE 
HEXAFLUOROACETYLACETONATES UNDER NORMAL ATMOSPHERIC PRESSURE

















1. T h e r m o g r a v i m e t r i c  D e t e r m i n a t i o n s .
a) L a n t h a n i d e  D i p i v a l o y l m e t h a n a t e s .
Ev ery  l a n t h a n i d e  c h e l a t e  was t h e r m a l y  s t a b l e  u nde r  t h e  
e x p e r i m e n t a l  c o n d i t i o n s .  They showed a com ple te  v o l a t i l i t y .  The 
shape  of  t h e  cu rve  i n  t h e  thermograms was i d e n t i c a l  w i t h  t h o s e  of  
t h e  h e x a f l u o r o a c e t y l a c e t o n a t e s , b u t  i n  t h e  c a se  o f  the  
d i p i v a l o y l m e t h a n a t e s  no r e s i d u e  was d e t e c t e d  i n  any c a s e .
b)  Scandium D i p i v a l o y l m e t h a n a t e .
T h i s  compound showed a good t h e r m a l  s t a b i l i t y  and a t o t a l  
v o l a t i l i t y  unde r  t h e  e x p e r i m e n t a l  c o n d i t i o n s .
c) Y t t r i u m  D i p i v a l o y l m e t h a n a t e .
A ga in  t h e  same p e r f e c t  t h e r m a l  s t a b i l i t y  and comple te  
v o l a t i l i t y  o f  t h e  p r e c e d i n g  compounds was o b s e r v e d .
d)  Thorium D i p i v a l o y l m e t h a n a t e .
T h i s  compound a l s o  showed t h e  same t h e r m a l  s t a b i l i t y  
and v o l a t i l i t y  of  t h e  c h e l a t e s  m en t io ned  j u s t  b e f o r e .
2. Vacuum F r a c t i o n a l  S u b l i m a t i o n s .
a)  L a n t h a n i d e  D i p i v a l o y l m e t h a n a t e s .
As was t o  be e x p e c t e d ,  f rom t h e  r e s u l t s  i n  t h e  
t h e r m o g r a v i m e t r i c  a n a l y s e s ,  e v e r y  c h e l a t e  was t o t a l l y  v o l a t i l e .
I n  t h e  ca se  o f  t h e  l an thanum  th r o u g h  g a d o l i n iu m  c h e l a t e s ,  the  
r e c r y s t a l l i z a t i o n  zone was d i v i d e d  i n t o  an i n t e n s e  p o r t i o n  which  
c o n t a i n e d  most  of  t h e  r e c r y s t a l l i z e d  s u b s t a n c e  and a v e r y  weak t a i l  
toward the  c o o l e r  p a r t  o f  t h e  s u b l i m a t i o n  t u b e .  W ith  t h e  h e a v i e r  
l a n t h a n i d e s ,  a s i n g l e ,  more homogeneous zone was o b t a i n e d .
The s u b l i m a t i o n  r e c r y s t a l l i z a t i o n  t e m p e r a t u r e s  f o r  t h i s  
g r o u p  o f  compounds a r e  r e c o r d e d  i n  T a b le  X I I I .
b) Scandium D i p i v a l o y l m e t h a n a t e .
T h i s  compound was c o m p l e t e l y  v o l a t i l e .  No r e s i d u e  was 
d e t e c t e d  i n  t h e  sample h o l d e r  o f  the  s u b l i m a t o r .
A s i n g l e  s u b l i m a t i o n  r e c r y s t a l l i z a t i o n  zone formed by 
c r y s t a l s  o f  d e c r e a s i n g  s i z e  a t  74 - 49 °C was found .
c) Y t t r i u m  D i p i v a l o y l m e t h a n a t e .
No d e t e c t a b l e  r e s i d u e  was o bse rve d  i n  t h e  sample h o l d e r  
o f  t h e  s u b l i m a t o r .  A s i n g l e  s u b l i m a t i o n  r e c r y s t a l l i z a t i o n  zone 
was o b t a i n e d  a t  92 - 46 °C.
d)  Thor ium D i p i v a l o y l m e t h a n a t e .
No r e s i d u e  was o b s e rv e d  i n  t h e  sample h o l d e r  of  t h e  
s u b l i m a t o r .  A s i n g l e  s u b l i m a t i o n  r e c r y s t a l l i z a t i o n  zone was 
o b t a i n e d  a t  120 - 88 °C.
e) Z i r c o n iu m  D i p i v a l o y l m e t h a n a t e .
T h i s  compound was t h e r m a l l y  s t a b l e  and c o m p l e t e l y  v o l a t i l e .  
A s i n g l e  s u b l i m a t i o n  r e c r y s t a l l i z a t i o n  zone was o b t a i n e d  a t  110 - 62
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TABLE X I I I
SUBLIMATION RECRYSTALLIZATION TEMPERATURES FOR THE 
LANTHANIDE DIPIVALOYLMETHANATE S
Compound S u b l i m a t i o n  R e c r y s t a l l i z a t i o n  T e m p e r a tu r e s  °C
S t r o n g  Zone Weak Zone
La(DPM) 3 132-105 105-92
Ce(DPM)^ 118-107 107-88
Pr(DPM)3 124-107 107-90












A d ia g r a m ,  w i t h  a g r a p h i c a l  r e p r e s e n t a t i o n  o f  the  s u b l i m a t i o n  
r e c r y s t a l l i z a t i o n  t e m p e r a t u r e s  f o r  a l l  t h e  d i p i v a l o y l m e t h a n a t e s  




Figure 6. Sublimation R ecry sta lliza tio n  Temperatures for  Dipivaloylmethane
Zr+U i------------------------------------• C helates.
Th+ii..
Y+3 ■---------------------------------------.-----------------------------










Eu+3- ■------------------------------------------------------- i------------------------ 1
Sm+3- '-------------------- — — h
Nd*3- ■ i-




5o loo I50 °c
Temperature
64
The E f f e c t s  o f  E x p e r im e n t a l  P a r a m e t e r s  on t h e  
R e c r y s t a l l i z a t i o n  Zone.
I t  was c o n s i d e r e d  o f  i n t e r e s t  t o  s t u d y  t h e  e f f e c t s  o f  
e x p e r i m e n t a l  p a r a m e t e r s  such  a s  t im e  and t e m p e r a t u r e  g r a d i e n t  
on th e  r e c r y s t a l l i z a t i o n  z o n e s .  F i r s t ,  a s e r i e s  o f  e x p e r i m e n t s  
was pe r fom red  w i t h  s u b l i m a t i o n  t im e s  r a n g i n g  f rom one h o u r  t o  
t h r e e  h o u r s .  The e x p e r i m e n t a l  r e s u l t s  a r e  summarized i n  t h e  
f o l l o w i n g  s t a t e m e n t s :
a )  As t h e  s u b l i m a t i o n  t ime was i n c r e a s e d ,  t h e  s u b l i m a t i o n  
r e c r y s t a l l i z a t i o n  zone was d i s p l a c e d  toward c o o l e r  t e m p e r a t u r e s .
b) W i th  s h o r t e r  s u b l i m a t i o n  t i m e ,  t h e  c r y s t a l s  o b t a i n e d  
were  l a r g e r  and l e s s  numerous t h a n  f o r  l o n g e r  t i m e s .
c) When t h e  compound unde r  i n v e s t i g a t i o n  p a r t i a l l y  
decom posed,  i t s  p e r c e n t a g e  o f  d e c o m p o s i t i o n  changed w i t h  t i m e .
The s h o r t e r  t h e  t i m e ,  t h e  s m a l l e r  t h e  d e g r e e  o f  d e c o m p o s i t i o n .
d) The s h o r t e r  t h e  t i m e ,  t h e  n a r r o w e r  t h e  s u b l i m a t i o n  
r e c r y s t a l l i z a t i o n  zone .
When t h e  t e m p e r a t u r e  g r a d i e n t  was c hanged ,  t h e  f o l l o w i n g  
r e s u l t s  were o b s e r v e d :
a )  The l e n g t h  o f  t h e  s u b l i m a t i o n  r e c r y s t a l l i z a t i o n  
zone i n c r e a s e d  w i t h  an i n c r e a s e  i n  t h e  t e m p e r a t u r e  g r a d i e n t .
b)  C r y s t a l  s i z e  d e c r e a s e d  and number i n c r e a s e d  a s  t h e
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t e m p e r a t u r e  g r a d i e n t  i n c r e a s e d .
c) The amount o f  r e s i d u e  d i d  no t  change a p p r e c i a b l y  w i t h  
a change i n  t h e  t e m p e r a t u r e  g r a d i e n t .  A p p a r e n t l y ,  t h e  t im e  was 
a lw ays  g r e a t  enough f o r  a lm o s t  comple te  d e c o m p o s i t i o n  u nde r  any 
t e m p e r a t u r e  g r a d i e n t  u s e d .
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SEPARATIONS.
The s u b l i m a t i o n  r e c r y s t a l l i z a t i o n  zones  o bse rve d  f o r  the  
pu re  m eta l  c h e l a t e s  r e v e a l  t h a t  numerous b i n a r y  m i x t u r e s  o f  t h e  
m e t a l s  can be s e p a r a t e d  by f r a c t i o n a l  s u b l i m a t i o n  of  t h e  m e ta l  
c h e l a t e  m i x t u r e s .
The f o l l o w i n g  s e p a r a t i o n s  i l l u s t r a t e  t h e  p r a c t i c a l i t y  
of  t h e  t e c h n i q u e .
1. S e p a r a t i o n  o f  Thul ium from Neodymium.
Equal  amounts  o f  t h u l i u m  and neodymium d i p i v a l o y l m e t h a n a t e s  
were t h o r o u g h l y  mixed .  Then,  a b o u t  5 mg. o f  t h e  m i x t u r e  was p l a c e d  
i n  t h e  sample h o l d e r  of  t h e  a p p a r a t u s  and a vacuum f r a c t i o n a l  
s u b l i m a t i o n  was pe r fo rmed  unde r  t h e  f o l l o w i n g  e x p e r i m e n t a l  c o n d i t i o n s :  
P r e s s u r e  : 1 mm Hg
C a r r i e r  gas  : Dry,  d eoxygena ted  n i t r o g e n
Tem pera tu re  g r a d i e n t  : 185 - 63 °C
Time : 2 h r s .
The v o l a t i l i t y  was c o m p l e t e .  No r e s i d u e  was l e f t  i n  the  
sample h o l d e r .  Two z o n e s ,  p e r f e c t l y  w e l l  s e p a r a t e d ,  were o b t a i n e d .
The f i r s t  zone r e c r y s t a l l i z e d  a t  118 - 88 °C and th e  second zone 
r e c r y s t a l l i z e d  a t  84 - 48 °C. Compared w i t h  t h e  v a l u e s  p r e d i c t e d  
f o r  the  pu re  c h e l a t e s  (120 - 91 °C f o r  Nd(DPM)^, and 86 - 49 °C 
f o r  Tm (DPM)^), i t  was assumed t h a t  t h e  f i r s t  zone c o r r e s p o n d e d  
t o  t h e  neodymium c h e l a t e  and t h e  second zone to  t h e  t h u l i u m  c h e l a t e .
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The d i f f e r e n c e  be tw een  o b s e rv e d  and p r e d i c t e d  t e m p e r a t u r e  e x t r e m e s  
f o r  t h e  two zones  i s  so sm a l l  t h a t  i t  can be n e g l e c t e d .
To p r o v e ,  a t  l e a s t  q u a l i t a t i v e l y ,  t h a t  a good s e p a r a t i o n  
had been  a c h i e v e d ,  a sample o f  e a ch  f r a c t i o n  o b t a i n e d  i n  t h e  f r a c t i o n a l  
s u b l i m a t i o n  was d i s s o l v e d  i n  hexane  and i t s  UV s p e c t r u m  r e c o r d e d .
The UV s p e c t r a  o f  pu re  Nd(DPM)^ and Tm(DPM)^ e x h i b i t  a b s o r p t i o n  
maxima a t  274 .3  mp, (30) and 282 .6  mp ( 3 0 ) ,  r e s p e c t i v e l y .  The 
s o l u t i o n s  t h a t  c o r r e s p o n d e d  to  t h e  s u s p e c t e d  Nd(DPM)^ and Tm(DPM)^ 
showed peaks  o f  maximum a b s o rb a n c e  a t  274 .3  mp, and 282 .6  mp,, 
r e s p e c t i v e l y .  T h i s  c o i n c i d e n c e  i n  t h e  p o s i t i o n  of  t h e  peaks  of  
maximum a b s o r b a n c e  i n  b o t h  c a s e s  was c o n s i d e r e d  s u f f i c i e n t  p r o o f  
f o r  i d e n t i f i c a t i o n  and a good s e p a r a t i o n  o f  t h e s e  c h e l a t e s .
2. S e p a r a t i o n  of  Scandium from Praseodymium.
W ith  t h e  same t e c h n i q u e  a s  b e f o r e ,  t h e  s e p a r a t i o n  o f  
scandium from praseodymium i n  t h e  fo rm of  t h e  d i p i v a l o y l m e t h a n a t e s  
was a t t e m p t e d .  The v o l a t i l i t y  was c o m p l e t e .  No r e s i d u e  was d e t e c t e d  
i n  the  sample h o l d e r .
I n  t h i s  case  a l s o ,  two s e p a r a t e d  s u b l i m a t i o n  r e c r y s t a l l i z a t i o n  
z o n e s  were o b t a i n e d  a t  72 - 49 °C and 120 - 88°C, r e s p e c t i v e l y .
These two r a n g e s  o f  t e m p e r a t u r e s  c o r r e s p o n d  c l o s e l y  t o  t h e  p r e d i c t e d  
r e c r y s t a l l i z a t i o n  zones  o f  Sc(DPM)^, 74 - 49 °C,  and Pr(DPM)^,
124 - 90 °C.
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3. S e p a r a t i o n  o f  Lanthanum from Yte rb ium .
A m i x t u r e  o f  t h e  l an thanum  and y t e r b i u m  d i p i v a l o y l m e t h a n a t e s  
was f r a c t i o n a l l y  sub l imed  unde r  t h e  same c o n d i t i o n s  used f o r  the  
t h u l i u m  and neodymium m i x t u r e .  Complete  v o l a t i l i t y  o f  t h e  sample 
was a g a i n  o b s e r v e d .  The zones  were f a i r l y  w e l l  d e f i n e d  a t  
128 -  79 °C and 79 - 47 °C,  bu t  t h e r e  was some o v e r l a p p i n g .  The 
f i r s t  zone u n q u e s t i o n a b l y  c o r r e s p o n d s  t o  t h e  l an thanum  c h e l a t e ,
and t h e  second one t o  t h e  y t e r b i u m  c h e l a t e .  A d i f f e r e n c e  of  6 °C
be tw een  one r e c r y s t a l l i z a t i o n  zone and t h e  o t h e r  was p r e d i c t e d ,  bu t  
i t  d i d  n o t  o c c u r  and c o n s e q u e n t l y  i t  was n o t  p o s s i b l e  t o  o b t a i n  a 
c l e a n - c u t  s e p a r a t i o n .
4.  S e p a r a t i o n  o f  Thorium from Gado l in ium .
I n  t h i s  case  we to o k  a d v a n ta g e  of  n o t  o n l y  a d i f f e r e n c e
i n  t h e  v o l a t i l i t y ,  bu t  a l s o  an a p p r e c i a b l e  d i f f e r e n c e  i n  t h e  th e r m a l  
s t a b i l i t y  o f  t h e  t r i f l u o r o a c t y l a c e t o n a t e  c h e l a t e s  t o  e f f e c t  a 
s e p a r a t i o n .  The t h o r i u m  t r i f l u o r o a c e t y l a c e t o n a t e  was c o m p l e t e l y  v o l a t i l e  
and t h e r m a l l y  s t a b l e  unde r  t h e  e x p e r i m e n t a l  c o n d i t i o n s  used i n  
vacuum f r a c t i o n a l  s u b l i m a t i o n s ,  w he re as  t h e  l a n t h a n i d e  t r i f l u o r o -  
a c e t y l a c e t o n a t e  was s l i g h t l y  v o l a t i l e  b u t  t h e r m a l y  i n s t a b l e  under  
t h e  same c o n d i t i o n s .  Based on t h e s e  known c h a r a c t e r i s t i c s ,  a 
good s e p a r a t i o n  o f  t h o r i u m  from g a d o l i n i u m  was o b t a i n e d .
The t h o r i u m  compound r e c r y s t a l l i z e d  a t  70 - 47 °C,  and 
t h e  g a d o l i n i u m  c h e l a t e  r e c r y s t a l l i z e d  i n  a v e r y  weak zone a t
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116 - 96 °C,  t h e  m a j o r i t y  o f  t h e  g a d o l i n iu m  rem ain ed  i n  t h e  sample 
b o a t .  Thus a c l e a r  c u t  s e p a r a t i o n  was p o s s i b l e .
5. S e p a r a t i o n  o f  Thor ium from Lanthanum.
A m i x t u r e  of  t h e  t h o r i u m  and l an thanum  h e x a f l u o r o a c e t y l a c e t o n a t e s  
was f r a c t i o n a l l y  sub l im ed  u nde r  t h e  same p r e s s u r e  and t im e  of  s u b l i m a t i o n  
a s  t h e  s e p a r a t i o n s  p r e v i o u s l y  d e s c r i b e d  b u t  w i t h  154 - 56 °C a s  t h e  
t e m p e r a t u r e  g r a d i e n t .
Two p e r f e c t l y  s e p a r a t e d  zones  were  o b t a i n e d ;  one zone 
r e c r y s t a l l i z e d  a t  120 - 80 °C, and t h e  o t h e r  a t  52 - 42 °C. When 
t h e s e  s u b l i m a t i o n  r e c r y s t a l l i z a t i o n  zones  a r e  compared w i t h  t h o s e  
a l r e a d y  d e t e r m i n e d  f o r  t h e  pu re  t h o r i u m  and l an tha num  h e x a f l u o r o -  
a c e t y l a c e t o n a t e s ,  i t  i s  a p p a r e n t  t h a t  t h e  f i r s t  zone c o r r e s p o n d s  
t o  t h e  lan thanum  c h e l a t e  and t h e  second m atches  p e r f e c t l y  t h a t  f o r  
t h e  t h o r i u m  h e x a f l u o r o a c e t y l a c e t o n a t e .
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DISCUSSION AND CONCLUSIONS
A c e t y l a c e t o n a t e s .
I t  was found t h a t  the  l a n t h a n i d e  and y t t r i u m  a c e t y l a c e t o n a t e s  
do n o t  s u b l i m e .  I n i t i a l l y ,  t h i s  was c o n s i d e r e d  s u r p r i s i n g  be c ause  
i t  was w e l l  known ( 1 5 ,  19, 20, 21) t h a t  many o f  t h e  normal  and 
t r a n s i t i o n  e l e m e n t s  o f  b o t h  h i g h e r  and lower  a to m ic  number t h a n  
t h e  l a n t h a n i d e s  formed s t a b l e  and v o l a t i l e  a c e t y l a c e t o n a t e s  when 
p r e p a r e d  a s  anhyd rous  compounds.  The l a c k  o f  v o l a t i l i t y  o f  t h e  
l a n t h a n i d e  a c e t y l a c e t o n a t e s  i s  e x p l a i n e d  on t h e  b a s i s  t h a t  the  
h y d r a t e d  d e r i v a t i v e s  a r e  to o  p o l a r  t o  sub l im e  and t h a t  t h e  
c o r r e s p o n d i n g  a nhyd rous  d e r i v a t i v e s  (which m ig h t  be e x p e c t e d  to  
s u b l i m e )  have  n o t  been  formed.
The l a n t h a n i d e  a c e t y l a c e t o n a t e s  a r e  p r e p a r e d  w i t h  no 
d i f f i c u l t y  i n  t h e  t r i h y d r a t e d  fo rm.  The w a t e r  m o le c u le s  o f  h y d r a t i o n  
a r e  bound q u i t e  s t r o n g l y ,  and ou r  e f f o r t s  t o  o b t a i n  t h e  anhydrous  
d e r i v a t i v e  were u n s u c c e s s f u l .  I n  f a c t ,  e v e r y  a t t e m p t  t o  fo rm  th e  
monohydra ted  d e r i v a t i v e  by d r y i n g  t h e  t r i h y d r a t e d  c h e l a t e  r e s u l t e d  
i n  t h e  f o r m a t i o n  o f  a b a s i c  compound. T h i s  same b e h a v i o r  has  been 
o b s e rv e d  by o t h e r s  ( 4 ,  23,  3 1 ) .
A p p a r e n t l y ,  u nde r  t h e  c o n d i t i o n s  used i n  t h e r m o g r a v i m e t r i c  
a n a l y s i s  and f r a c t i o n a l  s u b l i m a t i o n  of  t h e  c h e l a t e s  two p r o c e s s e s
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o c c u r  s i m u l t a n e o u s l y .  F i r s t ,  t h e r m a l  d e c o m p o s i t i o n  o f  t h e  c h e l a t e  
w i t h  t h e  l o s s  o f  w a t e r  and a c e t y l a c e t o n e  r e s u l t s  i n  f o r m a t i o n  of  
b a s i c  compounds which  undergo  an immediate  p o l y m e r i z a t i o n  t o  form 
p o l y n u c l e a r  s p e c i e s .  Second,  t h e  v e r y  sm a l l  amount o f  anhydrous  
c h e l a t e  which  i s  produced  s u b l im e s  and t h e n  decomposes.
Among t h e  f o u r  l a n t h a n i d e  a c e t y l a c e t o n a t e s  s t u d i e d ,  
s u b l i m a t i o n  was o bse rve d  w i t h  lan thanum  o n l y ,  b u t  even i n  t h i s  
c a s e ,  t h e  r a t e  o f  d e c o m p o s i t i o n  was so ove rw he lm ing ly  g r e a t e r  
t h a n  t h e  r a t e  o f  s u b l i m a t i o n  t h a t  t h e  amount of  sub l im ed  c h e l a t e  
had no a n a l y t i c a l  s i g n i f i c a n c e .
The s i t u a t i o n  was c o m p l e t e l y  d i f f e r e n t  w i t h  t h e  scandium, 
u r a n y l ,  u r an ium  (IV) and t h o r i u m  (IV) a c e t y l a c e t o n a t e s .  Each of  
them showed a v e r y  good v o l a t i l i t y  and t h e r m a l  s t a b i l i t y .
I t  was found t h a t  scandium  can be s e p a r a t e d  w i t h o u t  
d i f f i c u l t y  f rom t h o r i u m  o r  u ran ium  i n  e i t h e r  i t s + 4  o r  +6 o x i d a t i o n  
s t a t e .  I t  i s  e a s i e r  however  t o  s e p a r a t e  scandium from t h e  u r a n y l  
d e r i v a t i v e  t h a n  from th e  u ran ium  (IV) d e r i v a t i v e ,  b e c au s e  t h e  
d i f f e r e n c e  be tw een  th e  s u b l i m a t i o n  r e c r y s t a l l i z a t i o n  zones  i s  
g r e a t e r  t h a n  w i t h  t h e  f i r s t  p a i r  m en t io n e d .
I t  i s  q u i t e  p o s s i b l e  t o  s e p a r a t e  scandium, u ran ium , and 
t h r o i u m  from a l l  o f  t h e  e l e m e n t s  o f  t h e  l a n t h a n i d e  s e r i e s  by t a k i n g  
a d v a n ta g e  o f  t h e  g r e a t  d i f f e r e n c e  i n  t h e r m a l  s t a b i l i t y  be tween
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t h e s e  two g ro u p s  o f  e l e m e n t s .  The scandium, u ran ium  and t h o r i u m  
c h e l a t e s  a r e  r e a d i l y  v o l a t i l e  w he re as  t h o s e  of  l a n t h a n i d e s  a r e  
t h e r m a l l y  i n s t a b l e  and n o n - v o l a t i l e .
Trifluoroacetylacetonates
The l a n t h a n i d e  and y t t r i u m  t r i f l u o r o a c e t y l a c e t o n a t e s  
e x h i b i t  a g r e a t e r  t h e r m a l  s t a b i l i t y  t h a n  t h e  c o r r e s p o n d i n g  
a c e t y l a c e t o n a t e s ,  and i t  was p o s s i b l e  t o  d e t e r m i n e  s u b l i m a t i o n  
r e c r y s t a l l i z a t i o n  t e m p e r a t u r e s  f o r  some o f  t h e s e  c h e l a t e s .  
U n f o r t u n a t e l y ,  e x t e n s i v e  t h e r m a l  d e c o m p o s i t i o n  among t h e  
t r i f l u o r o a c e t y l a c e t o n a t e s  e l i m i n a t e d  any  p o s s i b i l i t y  of  d e v e l o p i n g  
an  e f f e c t i v e  s e p a r a t i o n  o f  t h e s e  c h e l a t e s  by f r a c t i o n a l  s u b l i m a t i o n .  
F u r t h e r m o r e ,  f o r  t h o s e  c h e l a t e s  w h ic h  were o b se rve d  to  s u b l im e ,  
t h e i r  s u b l i m a t i o n  r e c r y s t a l l i z a t i o n  t e m p e r a t u r e s  were found  i n  
t h e  same t e m p e r a t u r e  r e g i o n  ( s e e  F i g . 3,  page 4 9 ) .  The o n ly  
e x c e p t i o n  was t h e  c e r iu m  c h e l a t e .
The same r e a s o n s  g i v e n  t o  e x p l a i n  t h e  l a c k  o f  v o l a t i l i t y  
among t h e  l a n t h a n i d e  a c e t y l a c e t o n a t e s  can be a p p l i e d  i n  t h e  case  
o f  t h e  t r i f l u o r o a c e t y l a c e t o n a t e s .
The scand ium  and u r a n y l  c h e l a t e s  show a lower  t h e r m a l  
s t a b i l i t y  t h a n  e x p e c t e d .  Only t h o r i u m  t r i f l u o r o a c e t y l a c e t o n a t e  
i s  c o m p l e t e l y  v o l a t i l e  and ha s  a good t h e r m a l  s t a b i l i t y .  Thus ,
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t h i s  g roup  p r e s e n t s  a c a se  where e x c e l l e n t  s e p a r a t i o n s  can be ach ie ve d  
b e c au s e  of  d i f f e r e n c e s  i n  t h e r m a l  s t a b i l i t y  r a t h e r  t h a n  d i f f e r e n c e s  
i n  v o l a t i l i t y .  Fo r  example ,  i t  s h ou ld  be p o s s i b l e  t o  s e p a r a t e  
t h o r i u m  q u a n t i t a t i v e l y  from a l l  o f  t h e  l a n t h a n i d e s ,  e x c e p t  ce r ium  
and y t t r i u m .
H e x a f l u o r o a c e t y l a c e t o n a t e s .
As e x p e c t e d ,  t h e s e  c h e l a t e s  e x h i b i t e d  a good t h e r m a l  
s t a b i l i t y  and a l s o  a r e m a rk a b l e  v o l a t i l i t y ,  e x p e c i a l l y  unde r  
vacuum c o n d i t i o n s .  I f  t h e  s u b l i m a t i o n  r e c r y s t a l l i z a t i o n  t e m p e r a t u r e s  
o b s e rv e d  f o r  t h e s e  c h e l a t e s  a r e  s t u d i e d  ( s e e  F i g . 5, page 5 6 ) ,  i t  
i s  a p p a r e n t  t h a t  m i x t u r e s  o f  l an thanum  and d y s p r o s i u m - l a n t h a n u m  
and e r b i u m - l a n t h a n u m  and l u t e t i u m -  and l an tha num  and y t t r i u m  can 
be s u c c e s s f u l l y  s e p a r a t e d .
I t  w i l l  be p o s s i b l e  a l s o  t o  s e p a r a t e  scandium  and t h o r i u m  
from a l l  o f  t h e  l a n t h a n i d e  h e x a f l u o r o a c e t y l a c e t o n a t e s  t h a t  
r e c r y s t a l l i z e  i n  the  s u b l i m a t o r  a t  t e m p e r a t u r e s  h i g h e r  t h a n  
48 °C and 56 °C, r e s p e c t i v e l y .  The o n l y  e x c e p t i o n s  a r e  t h e  
c h e l a t e s  o f  e rb ium  and d y s p ro s iu m  which  p a r t i a l l y  r e c r y s t a l l i z e  
a t  t e m p e r a t u r e s  below 50 °C.
The t h e r m a l  s t a b i l i t y  o f  t h e  scand ium h e x a f l u o r o a c e t y l a c e t o n e  
c h e l a t e  i s  n o t  a p p r e c i a b l e ,  b u t  i t s  s u b l i m a t i o n  r e c r y s t a l l i z a t i o n  
zone  was s h o r t  and s e p a r a t e d  from t h o s e  o f  t h e  l a n t h a n i d e  c h e l a t e s ,  
e x c e p t  e rb iu m .  These f a c t s  p e r m i t  one t o  e f f e c t  s e p a r a t i o n s  of
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t h i s  e l e m e n t  f rom t h e  l a n t h a n i d e  h e x a f l u o r o a c e t y l a c e t o n a t e s . A 
g r e a t  amount o f  t h e  decomposed scandium  c h e l a t e  r em ain ed  i n  t h e  
sample h o l e r  o f  t h e  s u b l i m a t o r .
Because  of  t h e  h i g h  v o l a t i l i t y  shown by t h e  h e x a f l u o r o -  
a c e t y l a c e t o n a t e s  unde r  vacuum c o n d i t i o n s  i n  t h e i r  f r a c t i o n a l  
s u b l i m a t i o n s  and t h e  a p p r e c i a b l e  v o l a t i l i t y  shown by th e  m a j o r i t y  
o f  t h e s e  c h e l a t e s  i n  t h e  t h e r m o g r a v i m e t r i c  d e t e r m i n a t i o n s ,  f r a c t i o n a l  
s u b l i m a t i o n s  o f  t h e  h e x a f l u o r o a c e t y l a c e t o n a t e s  u nde r  normal  
a t m o s p h e r i c  p r e s s u r e  were p e r f o r m e d .
Now, i f  we compare t h e  s u b l i m a t i o n  r e c r y s t a l l i z a t i o n  
zones  o b t a i n e d  a t  a t m o s p h e r i c  p r e s s u r e  w i t h  t h e  r e s u l t s  o b t a i n e d  
i n  vacuum f r a c t i o n a l  s u b l i m a t i o n s ,  i t  i s  a p p a r e n t  t h a t :
a)  The r e c r y s t a l l i z a t i o n  zones  a r e  s h o r t e r  f o r  
t h e  h i g h e r  p r e s s u r e .  T h i s  i s  e x p e c t e d  b e c a u s e  unde r  no rmal  
a t m o s p h e r i c  p r e s s u r e ,  t h e  mean f r e e  p a t h  f o r  t h e  g a s e o u s  m o le c u le s  
i s  s h o r t e r ,  and i n  consequence  t h e r e  a r e  more o p p o r t u n i t i e s  f o r  
t h e  m o l e c u l e s  o f  t h e  c h e l a t e  t o  be d i r e c t e d  toward t h e  w a l l s  o f  
t h e  s u b l i m a t i o n  t u b e .
b) The c r y s t a l s  a r e  l e s s  numerous ,  b i g g e r  and b e t t e r
f  ormed.
c) A l l  t h e  s u b l i m a t i o n  r e c r y s t a l l i z a t i o n  zones  a r e  
l o c a t e d  a lm o s t  i n  t h e  same t e m p e r a t u r e  r a n g e .
T h i s  l a s t  f a c t  i s  c l e a r  i n d i c a t i o n  t h a t  no f r a c t i o n a l  
s u b l i m a t i o n  s e p a r a t i o n s  a r e  p o s s i b l e  unde r  normal  a t m o s p h e r i c  
p r e s s u r e  w i t h  t h e  h e x a f l u o r o a c e t y l a c e t o n a t e s .
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D i p i v a l o y l m e t h a n a t e s .
A l l  t h e  d i p i v a l o y l m e t h a n e  c h e l a t e s  i n v e s t i g a t e d  a r e  c o m p l e t e l y  
v o l a t i l e  and t h e r m a l l y  s t a b l e .
The r e s u l t s  shown i n  F i g . 6 (page  6 3 ) ,  l e d  t o  t h e  c o n c l u s i o n  
t h a t  two d i s t i n c t i v e  g roups  o f  d i p i v a l o y l m e t h a n a t e s  a r e  obse rved  
among t h e  l a n t h a n i d e s .  The f i r s t  and l e a s t  v o l a t i l e  group i s  formed 
by th e  lan thanum  t h r o u g h  g a d o l i n iu m  c h e l a t e s .  The more v o l a t i l e  
group i s  formed by th e  t e r b i u m  t h r o u g h  l u t e t i u m  c h e l a t e s .  A c c o r d i n g l y  
t h e  f o l l o w i n g  s e p a r a t i o n s  s h o u ld  be p o s s i b l e :
l an th a n u m  from t h u l i u m  c e r ium  from t h u l i u m
lan tha num  from y t e r b i u m  c e r iu m  from y t e r b i u m
praseodymium from t h u l i u m  neodymium from t h u l i u m
praseodymium from y t e r b i u m  neodymium from y t e r b i u m .
L u t e t i u m  s hou ld  be s e p a r a b l e  f rom neodymium, praseodymium, 
c e r iu m  and l an thanum ,  b u t  t h e  e x p e r i m e n t a l  v a l u e s  f o r  s u b l i m a t i o n  
r e c r y s t a l l i z a t i o n  t e m p e r a t u r e s  s u g g e s t  n o n - q u a n t i t a t i v e  s e p a r a t i o n s .
Scandium s h o u ld  be s e p a r a b l e  f rom lan thanum ,  c e r ium  
praseodymium and neodymium, and f i n a l l y ,  t h o r i u m  s hou ld  be 
s e p a r a b l e  f rom scand ium, y t e r b i u m  and t h u l i u m .
A v e r y  i n t e r e s t i n g  phenomenon was found w h i l e  c h e ck in g  
th e  n u m e r i c a l  v a l u e s  o f  t h e  s u b l i m a t i o n  r e c r y s t a l l i z a t i o n  
t e m p e r a t u r e s  o f  t h e  h e x a f l u o r o a c e t y l a c e t o n a t e s  and d i p i v a l o y l m e t h a n a t e s  
of  t h e  l a n t h a n i d e  s e r i e s :  t h e  v o l a t i l i t y  of  t h e  c h e l a t e s  i n c r e a s e s
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a s  t h e  a to m ic  w e i g h t  ( o r  m o l e c u l a r  w e i g h t  o f  t h e  c h e l a t e )  o f  the  
c o n s e c u t i v e  e l e m e n t s  o f  t h e  l a n t h a n i d e  s e r i e s  i n c r e a s e s .  T h i s  
f a c t  i s  shown i n  a g r a p h i c a l  manner ( s e e  F i g . 7) i n  a p l o t  o f  t h e  
a to m ic  w e i g h t  o f  t h e  l a n t h a n i d e s  v e r s u s  t h e  h i g h e s t  s u b l i m a t i o n  
r e c r y s t a l l i z a t i o n  t e m p e r a t u r e  o f  t h e  c o r r e s p o n d i n g  l a n t h a n i d e  
c h e l a t e .  The h i g h e s t  t e m p e r a t u r e  o f  t h e  r e c r y s t a l l i z a t i o n  zone 
was t a k e n  as  a r e l a t i v e  measure  o f  c h e l a t e  v o l a t i l i t y  b e c a u s e  t h e  
h i g h  t e m p e r a t u r e  end o f  t h e  zone was u s u a l l y  sh a rp  and e a s i l y  d e f i n e d .  
A l s o ,  i n  t h i s  p l o t ,  t h e  v a r i a t i o n  o f  i o n i c  r a d i u s  w i t h  r e s p e c t  t o  
a to m ic  w e i g h t  o f  t h e  l a n t h a n i d e s  i s  shown. G ran ted  c e r t a i n  
i r r e g u l a r i t i e s ,  t h e  g e n e r a l  t r e n d ,  shown i n  F i g . 7 by t h e  curved 
l i n e ,  u n d o u b t e d l y ,  i n d i c a t e s  an i n c r e a s e  i n  v o l a t i l i t y  w i t h  an 
i n c r e a s e  i n  t h e  a to m ic  w e i g h t  o f  t h e  l a n t h a n i d e .
From F i g . 8, a p l o t  o f  t h e  h i g h e s t  r e c r y s t a l l i z a t i o n  
t e m p e r a t u r e  a s  a f u n c t i o n  of  t h e  i o n i c  r a d i u s  o f  t h e  c o r r e s p o n d i n g  
l a n t h a n i d e ,  i t  i s  c l e a r  t h a t  t h e  c h e l a t e  v o l a t i l i t y  i n c r e a s e s  as  
t h e  i o n i c  r a d i u s  o f  t h e  m e t a l  d e c r e a s e s .
Now, i t  s hou ld  be e x p e c t e d  t h a t  as  t h e  a to m ic  w e i g h t  o f  
t h e  l a n t h a n i d e  ( o r  m o l e c u l a r  w e i g h t  of  t h e  c h e l a t e )  i n c r e a s e s ,  the  
v o l a t i l i t y  s h o u ld  d e c r e a s e  b e c a u s e  t h e  m o le c u le  w i l l  be h e a v i e r  
and i n  consequence  w i l l  be l e s s  p rone  t o  go from t h e  s o l i d  phase  t o  
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s i m u l t a n e o u s l y ,  t h e  s i z e  o f  t h e  c h e l a t e  m o le c u le s  s hou ld  d e c r e a s e  
a s  t h e  m o l e c u l a r  w e i g h t  i n c r e a s e s  and t h e r e f o r e  t h e  h e a v i e r  bu t  
s m a l l e r  m o l e c u l e s  cou ld  move e a s i e r  t h a n  the  l i g h t e r  bu t  b i g g e r  
m o l e c u l e s  f rom th e  s o l i d  t o  t h e  g a s eo u s  p h a s e .
I n  s p i t e  o f  an i n c r e a s e  i n  m o l e c u l a r  w e i g h t  t h e  v o l a t i l i t y  
o f  t h e  c h e l a t e s  i n c r e a s e s .  A p p a r e n t l y ,  t h e  s i z e  o f  t h e  m o le c u le  
i s  a more i m p o r t a n t  f a c t o r  t h a n  th e  m o l e c u l a r  w e i g h t  i n  d e t e r m i n i n g  
v o l a t i l i t y .
Once a g a i n ,  y t t r i u m  be h a v es  v e r y  s i m i l a r l y  t o  the  
h e a v i e r  l a n t h a n i d e s .  T h i s  i s  no t  s u r p r i s i n g  b e c a u s e  t h e  i d e n t i c a l  
o x i d a t i o n  s t a t e  and v e r y  s i m i l a r  i o n i c  r a d i i  of  the  m e t a l  i o n s  
l e a d s  us  t o  e x p e c t  t h i s  k i n d  o f  b e h a v i o r .
C o n c l u s i o n s .
I t  h a s  been  shown t h a t  numerous b i n a r y  m i x t u r e s  of  t h e  
l a n t h a n i d e s  and r e l a t e d  e l e m e n t s  can be s e p a r a t e d  by t h e  f r a c t i o n a l  
s u b l i m a t i o n  o f  t h e  m e t a l s  i n  t h e  form of  v a r i o u s  g - d i k e t o n e  c h e l a t e s .  
A l th o u g h  d i f f e r e n t  c h e l a t e s  somet imes  e x h i b i t e d  v e r y  s i m i l a r  s u b l i m a t i o n  
r e c r y s t a l l i z a t i o n  t e m p e r a t u r e s ,  wh ich  made f r a c t i o n a l  s u b l i m a t i o n  
s e p a r a t i o n s  i m p o s s i b l e ,  i t  i s  t h e  o p i n i o n  of  the  a u t h o r  t h a t  t h e  
f r a c t i o n a l  s u b l i m a t i o n  t e c h n i q u e  i s  a v e r y  p r o m i s in g  method f o r  
e f f e c t i v e l y  s e p a r a t i n g  t h e  l a n t h a n i d e  e l e m e n t s .  The deve lopm ent  
o f  a new t e c h n i q u e  i s  e s p e c i a l l y  i m p o r t a n t  t o d a y ,  i f  i t  i s  borne
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i n  mind how t e d i o u s  and c o s t l y  i s  t h e  p r e s e n t  method used t o  o b t a i n  
the  l a n t h a n i d e s  i n  a pu re  form.
Even i n  i t s  p r e s e n t  s t a t e  o f  d e ve lopm en t ,  t h e  f r a c t i o n a l  
s u b l i m a t i o n  t e c h n i q u e  i s  a n a l y t i c a l l y  u s e f u l .  I n  a d d i t i o n  t o  
e f f e c t i n g  s e p a r a t i o n s ,  t h e  t e c h n i q u e  can be used  f o r  q u a l i t a t i v e  
and q u a n t i t a t i v e  p u r p o s e s .  Inasmuch a s  t h e  s u b l i m a t i o n  r e c r y s t a ' l l i z a t i o n  
t e m p e r a t u r e s  a r e  c o n s t a n t  and r e p r o d u c i b l e  unde r  a g i v e n  s e t  o f  
e x p e r i m e n t a l  c o n d i t i o n s ,  t h e  n u m e r i c a l  v a l u e s  o f  t h e  s u b l i m a t i o n  
r e c r y s t a l l i z a t i o n  t e m p e r a t u r e s  can be used  f o r  q u a l i t a t i v e  
d e t e r m i n a t i o n s  i n  t h e  same way a s  r e t e n t i o n  t im e s  a r e  used i n  gas 
ch rom a tog raphy .  An e f f o r t  s hou ld  be made to  d e t e r m i n e  how g e n e r a l l y  
u s e f u l  t h i s  t e c h n i q u e  i s .
Q u a n t i t a t i v e  r e c o v e r i e s  and d e t e r m i n a t i o n s  a r e  p o s s i b l e  
w i t h  t h i s  t e c h n i q u e  when compounds a r e  v o l a t i l e  and t h e r m a l l y  s t a b l e .
A f i n a l  i m p o r t a n t  a s p e c t  t o  be c o n s i d e r e d  f o r  f u t u r e  
i n v e s t i g a t i o n s  i s  t h e  f e a s i b i l i t y  o f  s e p a r a t i n g  m e t a l s  such a s  
z i r c o n i u m  and ha fn ium  i n  t h e  form o f  c h l o r i d e s  o r  b r o m i d e s .  The 
v o l a t i l i t y  and t h e r m a l  s t a b i l i t y  o f  t h e s e  i n o r g a n i c  compounds i s  
a w e l l  e s t a b l i s h e d  c h a r a c t e r i s t i c ,  and i t  s h o u ld  be w o r t h w h i l e  t o  
t r y  f r a c t i o n a l  s u b l i m a t i o n  a s  a method o f  s e p a r a t i o n .
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VITA
J ua n  Ja ime Chiang A c o s t a ,  was bo rn  i n  Lagunas ,  p r o v i n c e  of  
I q u i q u e ,  C h i l e ,  on F e b r u a r y  23, 1929. He r e c e i v e d  h i s  e l e m e n t a r y  
e d u c a t i o n  a t  C o le g io  Commercial  Don Bosco,  I q u i q u e ,  and h i s  s e c o n d a r y  
e d u c a t i o n  a t  L i c eo  de Hombres i n  t h e  same c i t y .
He e n t e r e d  U n i v e r s i d a d  S a n ta  Maria  i n  V a l p a r a i s o ,  C h i l e ,  i n  
March, 1945.  A f t e r  c o m p l e t i o n  o f  h i s  t h e s i s ,  he r e c e i v e d  th e  
d e g r e e  o f  I n g e n i e r o  Quimico i n  June 1952.
He worked f o r  t h r e e  y e a r s  i n  t h e  soap and d e t e r g e n t  i n d u s t r y  
i n  S a n t i a g o ,  C h i l e .  I n  O c tobe r  1955, he r e c e i v e d  a f e l l o w s h i p  
t o  c o n t i n u e  h i s  s t u d i e s  i n  t h e  same i n d u s t r i a l  f i e l d  f o r  a y e a r ,  
i n  Eu rope .  W ith  t h i s  pu rpose  i n  mind,  he v i s i t e d  s p e c i a l l i z e d  
i n d u s t r i a l  c e n t e r s  i n  Germany, F r a n c e ,  S w i t z e r l a n d  and I t a l y .
I n  1956 he r e t u r n e d  t o  C h i l e  and worked f o u r  a d d i t i o n a l  y e a r s  i n  
t h e  soap  and d e t e r g e n t  i n d u s t r y .
On J a n u a r y  4,  1959,  he m a r r i e d  t h e  fo rm e r  A l i c i a  Sanchez S. 
o f  V a l p a r a i s o ,  C h i l e .
I n  May 1960 he was h i r e d  by U n i v e r s i d a d  San ta  M aria  a s  a 
f a c u l t y  member i n  t h e  Depa r tm en t  o f  C h e m is t ry .
I n  J a n u a r y  1964,  he came t o  t h e  L o u i s i a n a  S t a t e  U n i v e r s i t y  
f o r  h i s  g r a d u a t e  work unde r  a c o n t r a c t  s u b s c r i b e d  to  by th e
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U n i v e r s i d a d  S a n ta  Maria  and th e  U n i v e r s i t y  o f  P i t t s b u r g h ,  P a . ,  and 
sponso re d  by t h e  Agency f o r  I n t e r n a t i o n a l  Development  (AID) of  the  
U. S. D epar tm ent  o f  S t a t e .
He i s  p r e s e n t l y  w ork in g  tow a rds  t h e  D oc to r  of  P h i l o s o p h y  
d e g re e  i n  C h e m is t ry  a t  t h e  L o u i s i a n a  S t a t e  U n i v e r s i t y .
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